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Preface 


1 his liiiiulhook iKishetMi prc^iKiirchisa i r toi ihr many pi nirssion- 

als wliri liom liiiir In limr uvcd iiitnrmalinn on waier as il rc^latrs in tlu*ir 
nvvn spt‘i lali/rd «utivilii\s/]'lu‘V may hr iiisui h rlixrrscMiK upatinns as plant 
fnana}>ri, .iTrlnlriM, uliliiirs sn|)miiirntiriu, rit) en^inrri, Ir^islaini, ni 
rnviinnnuMiLtl ailniinistialni. llir honk may also srrvr as a Irxihnrtk or 
irlririiir Ini tlinsr |Hii.suin^ lairris in vvalrt or the rnviinninrntal 
s( inn rs. 

I'hrrr .irr (oiii scilinns tn this iiaruli^iok, Vhv lirsl is an introdiiiiioii to 
ihr iialiiir ol wain, ilcaliii^ uilh tlir luiulamriitals nl iliriiiisliv, biolo|i>v, 
anil wain analysis I'tir srionil srilion rxploirs llir unit opiTalions ol 
\satri innilitionin^. Nrxt is an ovrivii’W ol impoiiant inrlustiial and 
inuniripal iisrsol , ini liiiliii^ myi Iranil disposal, ['hr Iniirih srriion 
iniliidrs (haplrrs on tlir major watri ttratinriit trihnolo|;irs, siiih as 
irratmrnl inn noliiif;,strain ^rnrialion,aiid oil rri ovrry. Thr lirsl src lion 
has brrn piiblislird srparatrly as a sofl-mvri book lilird, WAl'ER: Thr 
Solvent. 

Il is impossiblr lor mr to ai kiuiwlrdgr all tlir idras id many frirnds and 
authors whosr rxprrirnres, addril to iny own during ihr I'oriy years ol my 
rarerr in this lirld, may appear in this hook. Hut roriiinalrly 1 am able to 
arkiiowledf^r my assoi iales at Nalt o who rontribiitiMi individual c haplrrs in 
thrii sprriali/ed lields to this handijook. These iiiLlude; P. A. Bar ker. J. A. 
Brardsle), |. M. Bouwrns, (1. A. Casrdy, R. |. Christensen, J. L. Cole, L. |. 
Domzalski, R. P. Dudley, R. Hoefs, J. C. Jennings, K. F. Katnik, E. F. 



Klen, G. F. McIntyre, D. G. Morse, K. Odland, M. T. Perin, J. E. Phelan, 
D. T. Reed, R. S. Robertson, and R. F. Tuka. Many others too numerous 
to mention have made valuable sugftestions, and others have added to 
early drafts of the manuscript, including M. L. Beardsley, J. C. Grier, 
J. J. Hirkey, M. L. Palmer, and R. W. Youngs. 

During the months of gestation oftliis handbook, ihe assiduous attention 
of John MtOallion loinniiinerahleediioiial details and Beverl) Newmeller 
to preparation of the manusrripi and illustrations were indispensable 
in ensuring a safe delivery. 


Flank N. Knnmn 
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Chapter 1 

The Water Molecule 


lliiri i|iiiiiUis ()1 ilu suiitui L)l llu r.iilli is (dmmimI uilli w.iiii V\ hilr llns is 
«iii iiii|ii I'ssiM* si.iiisiK, II IS [>ali hc'sirlr llir spi i iji iiLii ]>hf>lot>i riphs lli.il 
Minir In us I mill niiu i span* I lir\ itxi.il a hraulilul blur plaint ballicMl iii 
ualt I liifldi n In a \ vi\ ol \apoi 

I ill laiin iiilii luMiit) 111 tins uali i \s liMiijii iliin^s liitaiiii iimn iniiipliA 
anti spL'Liali/i'd. {\\v\ h'll lln slm Idi llir laud, lakiiii; warn willi ilirm as the 
iiia)iii pail 111 ihiMi bndies On tin plain I lailli, walei is lili 

A philtisoplui i)bsti\rd ibat llu piopu sriid\ nl inankiiid is man, llir wain 
Lhrniisl paiaphiasrs iliis ‘ I hr piopii siiicU r>l wain is iht wain niiilriiilo 
I hr liiinuila tin w.iui—ILO - In iisrif irlls us niiK ils miiipfisitiini and innlri- 
iil.ii wri^hl ll dm s niilliiiiL> In i \|ilaiii ihc trinaikablL pmprilirs dial irsiilt 
Imin Ils iinii|ur niiilriiilai aii an^riiirni (srr li^uir 11 ) Iwn liMlin^rn atoms 
arr Imaird 10 ')*^ a|).iil adj.imit in tlir nw^rn alnm, sn ih.il llir ninhuuir is 
.LS\mini ll 11 al, pnsiii\rlv ili.ii^crl on llir lisdiogrii sirk, .ind nri:;ali\rl\ iliat^rd 
1)11 thr nwtirn sirlr fin tins irasnn, wain is sairl in hr tlipnlai I Ins laiisrs the 
mnlriiilrs in a^^lln1lr1 air, iht' h\dii)^rn nl mir mnlrinlr alliaitmir ihr n\^f>rn 
1)1 a nri^hbojin^ mohtulL 1 hi linking nl mnlrfulrs iI'siilliiij^ liiini llns aliiai- 
li\r lour is i.illrd 'IniliD^rn hnnclm|^' 

Oiir 1)1 I hr i niisripirm rs nJ hvrluigrn bondmi^ is dial iiinlri iilrs nl H^O 
laiiiiol Iravr llit' suilaic nl a bods nJ wain as iradih as lhr\ would hr able in 
withoul ibis miri-iiiDlriulai aiiiailinii Ihr rnrifi\ inpiijcil to luptiiir llir 
hsrlingrii bimrl and libriatr a molriulr nl HjO to Ini in \apiit is niuili fricatri 
dun Joi nthri ininmon thrmiial t ompouiiils tiriaiisr nl llns, ihr wain \apni — 
siram—has a In^h rnri|^ (niiirnl .md is an rHrilnr mrdmm liii tianslriiiiifi; 
riiri^) 111 mdiisliial plain opriaiioiis, buililin|rs, and hnmrs 

Water also irir.isrs mnrr hrai upon JM*(Vln^ than do othei Lompniiiiils riii- 
thri 11)1)1 r. till eaih miiriiirnial ibailee in lenipriaiiiir, wain absmbs m irlrascs 
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M/Dfer Molecjlp 


Figure 1 1 I hi iniinii^ I Hi iiiniiii HmIi il^i ii mil iiwl^lii iiiilniilisl piiiliiu 
u itL I iiiokr iil( s 1)1 I |)i III II mil i 


inoi i lu il ill 111 iiMiiN siibsi UK i s (III il ( i|i 111(\) so 1 1 IS in i Jli t ii\ i lu il 1 1 insli i 
mi rliiini 

lilt tiic/iiiL, ul u 111 1 IS iiiiiisiiil (Diiip II c (I Id dIIiii lii|iii(ls HmIidl^iii 
honilmir piofliii 1 s iinsiil iii iiiu,i ini nl ili il i iiisi s iii in c \p mil hi Mind ils 
uii^mil liijuiil Milunu sn ihn ns diiisiix is h ss ihm iliii ol ilii lii|iiiil iml ihi 
lit Iluals II lliis WML 111)1 (111 1 isi 1 iki s wrmliMi i L/L liiimllH hnllnm up iiid 
IiIl is w( know It inulil nut l\is| 

I jhli I I f limp 111 s i 1 i( hfiilini^ piiiiil iiulullui lit il pi upi i Ik s nl lU i \\illi 
similii iiinit 1 nil s sill li is IndiD^tn siiUidi mil willi dissiiml ii ir>mpnumls 
tliil ill lii|Uid il iiimii II in|)i 1 lime 


TABLE 1 1 Thsrmal Properties of Water and Similar Compounds 

1 111 111 1lL II 
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HIGH SURFACE TENSION 

In adclitiDii lo Us unusual lu il piiipiilus w<itri has ph\sif il ])ii)piiliis ipiilt 
iliHiitnt linm diIu i liquids Its hi^li sinlici iMismii is i isih diiimnsli lU it h\ 
llii (\pi iiiiiiiii 1)1 llnatiii^ a iiLcdlL iin tliL suilaiL ut watii in a ^lass (ll^lllL 
I 2 ) this liif;li sill lac i linsiun dm in li\di<)|rt.n bunding ilsu caiisis waUi tu 
iisi 111 a lapillan iiiht (I iguit I t) this Lipillaiil\ is paith iLspurisihU fin ihi 
svsti 111 uJ till ill itiun diMlupid U\ lixing plants rhiiiiigh lluit touts iiid tissue 
s\stt ms 
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Rgurel.z \ sulI lULilh wnlia 

ill iisil> .iImuiI Si Mil units lhal ol 
WiiUi iiiii lit 111.nil in Until 111 
laiiSL III Wtiu I s lii>;li Mill UL ii ii 
Sinn 



\\ 111 1 IS riluii itillirl ihi iiiiiMisal siiKinl Wtili i ninliiiiks iii iniiLid wuh 

1 1 1 ^ si il oi 11 III llu insi l\i s 111 lit liii.ili/i iliL alli.iiliM liiiit s hi luti n tin inns 

111 llu iiisitil sliuiUiu I lit lihiitilcfi inns ati' tiuii liMlialtil b\ ihfse wain 
iiinliiulis tis slinvvn in lif^iiic I 1 |iii \i iiiiiil; llu in liniii 1 1 (iirnhining anil 
1111 > si.ili/iii^ 1 Ins siiImius anil livtli .iiiiiii itliil is sliiiwii i|innlilali\i 1 v b\ 
Wiitii s iiI.HimK bii>li llu 111 nil (niisliiiit 

VValLi iiiiii/(s sn mix sIii;IiiIx |ji ndiiuiii; iiiilx 11) ^ iiinks nl lixrliniiin and 
10 ^ innk s nl iixdinxxl inns pir lilt i ih il ii is an insidalni il taiinnl innrliut 
( k line .il I ill 11 lit \s Stills ni nilu 1 iiiiii/iii^ iiiaii J lals dissnlxt iiiualci rkitiiial 
I nniliii iixiix dixtliips 1 In i niirlui ii\ii\ ntiialuiallx in i in i iin; v\alt i s pi iixidt s a 

nil asm 1 nl lliiii ilissnlxtd iniiiiial inniiiil (li^iiii 1 "i) 



Figure 1.3 A nu nisms linnis (li li) ixht-ii In iliii^t n .itniiis ii atli upward in wt‘l 
nxiik siiilaiis al llu wain liiii in a glass lulu llu iliawiiig al llu right shims 
him hvikngf II lujndiiig nl walti in a ihin glass lulu lauses ihc waiti in ihe 
lulu III list ahoM ihi k\(l nt llu surTiiundiiig wani 





Figure 1.4 Thr nrienialiim ni wuiur itiiileriiles teniis In krf‘p irms rrnm rci nmbiiiiiig 
and thus preupiilating from stilulion. This at'i:nijiiis inr water's lapahilitiLS as a solvnil. 


Anolhcrr irripurtant pheiiurnenon ocrurririg in walrr soluliuns lelaleil Id ilis- 
snlvcd matter (siikiles) rather than Lii water (sDiveni) is nsmnlir |iressiirc. 11 Iwd 
aqueiius snliiiiuiKs are separated by a membrane, water will pass Ironi the iiinre 
dilute iiitD the more concentrated one. This important process controls the 
fjcrformance of all living cells. It explains the effectiv(‘ness of food preserva¬ 
tion by salting; the salt creates a strong solution, disrupting the cells of r>rga- 
nLsms that might cause food spoilage, as the water inside their bodies leaves 
in an attempt to dilute the external salt solution. In specially designed mem¬ 
brane cells, the osmotic How of water across the meiiihrane can be reversed 
by applying a sufliciently high pressure to the iiiort* i onceiitrateil snliilinii. Hiis 
prnces.s of “reverse osmosis” is a practical one for desalination of water. 

VTscfisiiy is a final proix*rty of water aHcciing its treatmeiii and use. It is a 
measure of internal friction—the friction of one layer of molecules moving 
across another. As w'ater temperature rises, this internal friction decreases. 
Because ol the lemperaiure effect, dissoJved salts and gases can diffuse more 
rajudly through warmer w-ater; chemical treatment is hastened, and the physical 



TdIbI Dissolved Solids, mQ/l 


Figure 1.5 Dissolved .solids con¬ 
tent of water can be estimated 
from its specific conductance. 
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Figure 1.6 Suifaic. uiisiiin iml 
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pi IK I SSLS III SL iliiTU iilalion .iiirl (It ^ isiliiaiifin pi rut til I tslt i 1 ht lIIlll ciI 
U ifipi itiliii i liii \is((isil\ is shown in li^iiii 1 h 
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Chapter 2 

Water Sources and Uses 


W.iln lias nuivL'rl iii llmsHl^ss 11111^1 .itmii amiss tin* fair ol llir F.ntli sjim^ eaihrsl 
liiiir V\rll-rstahlislicrl (liiinils such as ihi* (riill Siilmiii and ihi* lliiinhiilrll 
(iiJtuMit iDiiUiiuiiiisls iiiiulair in llir si-as, iL'|;ulaiing ihi* Laiih's ilniiaU* and 
piuMclin^ sustciiaiLiL' Ini llu* fislinu‘s im sshiili iniiili nl llir win Id's |in|julali()n 
ii'lics WhrtL' sii)|j|)rd hs land h.niiiailrs, thr sra, trlusiii^ in hr hrld baik iiini- 
pli'Ulx, irlrasrs ils \salri vapoi In iiindriisr and lall siinu'whrii inland .is lain 
Id all.Ilk llu lanri liaiiiri 1 his iDiilinnal csapritalinn and iDiidrns.iiirin js the 

hvdi(ilii]L>ii Lsilr 


TABLE 2.1 Water Balance In Ihe United Slalea 
[FIgurea In billion gallons per day (bgd)]* 


Ih i‘i ipii.iiinii 12^)11 

Fx.ipiiKitiiiii . 111(1 (taiispii.ilinn SDIM) 

Ruiintl 12MI 

\N illidr.i\^.il 'll!) 

Iiii|iali(jii 112 

IndiislMi 112 

VliiiiK i|).il 2h 

(.IIIISLIIlll'lll. 'HI 

Krluilud III sliiMiiis 221) 


SDi HI 1 \ainiiial \iaiiriiis nl Siiriues 
N.iMi)nal Rrse.iiih (ninuil Piihl IDOO-U, 
ini»2 

* hpil X 4 I - iiiVsrt 

I Piiiuipall> unlit\ iiMiliiif; wall I (appinxi- 
iiiali l\ IIM) h^[|) 

1 IMiniipalU iini^aliiiii luss 10 f>iiiiiii(l .ind 
(’Viipniatinii 
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Ovei the United States mainland, rainfall averages appioximately 42'>0 X 10** 
gallons a da\ (1 6 x ]()"* m’/dd>) Of this, about two-thiids i etui ns to the atinos- 
pheie thiough esaporation directly truin the suiiaie of lakes and livers and 
iranspiratiiin fiuin plant fnliagt This leaves appi iiximatclv 1250 X 10^* gallons 
a day (0 16 x 10'^ nP/day) to Him aiioss Of through iIk. taith lo letuin to the 
sea (Table 2 1) 

Abundant supplies of water atti acted llu Amt man colonists in seltlemeiils 
along nseis 1 hen ivatcifalJs became the piiiuipal •unities of |Mmir lot laily 
industi y 

Along the Tastern sealMiard n\ti watt is ucit oi tvctllcni i|ii.dir) ideal lor 
textile and papei manuiactuie As tiu IioiUilis moved inland sctllirs ioiiiid 
that the saliiiilv of the siicanis fxcaiiie higher pai tiiiilaily where long live is 
flowed ovLi lelaiivilv siiluhli iiick ioimatiniis Tigiiic 2 1 lompdicslliL ihcmiial 
piopeitirs of sonic of lIil inajoi rivets in the I iiilcrJ Stales lahk 2 2 shows 
how water qualit), using ( olorado River data is inniitnied fiom the hiadwauis 
to the discharge lo the sea 1 ht f|iialit> of siieli iivcis is aihilLd by lainf dl tht 



FIgura 2.1 SelfrcCLfl fivir analyses 
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Figure 2.1 Scluicil ri\ii juahsts (iiHitinuid) 


iiciliJir Ilf lilt ^tilrisluMl, cfniditioiis ol (‘vapnidlion, and b> seasonal 
ilian^es in sIil.iiii flow 


EFFECTS OF RAINFALL 

I he sudden dilulioii ol a ii\ef by lu*a\y laiiifall can bi a Hisiuptive larior in a 
water ireiilnieiil plant 1 he loLatiim ol a iivei waiei inLike should lx* larelully 
chosen with this pioblem in mind lii the operation of a tieatmenl plant, ii is 
common piaitue to ad|usl the ihemical dosages arcoicling to elhueni water 
quality Howeyei, tlieie die many walei supplies so vatiable that il is netessaiy 
to base changes in ihemical trealmc*nt on law walti cliaiacteiistiLS lather than 
on hnished walei quality I his imposes a hatdship on ihe tieatment plant 
opeiatois, leqiiiiing then constant attention to analvsis and Lontiol 

Tides cieate anulhei important inniinice on suilaie walei quality in that they 
slow, or .iciuallv teseise, iioimal ri\ei flow This is paiticularly pionouiued 
during peniNls ol low laiiifall ihe change in watei quality lietween high and 
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TABLE 2.2 ColoradD River—1064-1965* 
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low lull' siiiiirliniL's pisiilics flu iiisUiILukjii o( law Wiilii siipph irsri\oiis lo 
it-ieivt* waiCT cil low liclc* when llie ii\ei (lows iiiiiinpefled .inrl i|ualil\ is al ils 
best Plants so eijLii|i|jer1 slop pumping at hi^li ride when salmi has wains nitivi 
upstiearn inlo ihe iip|)ei (hiinnel \n example iil ihe elleir oJ IkIls anrl seasonal 
iLiiioll IS );i\en m lahle showing; the enoinioiis \aiialmiis in the Delaw.iiL 
Ruei neai Wihuin^ion, Delawaie 


LOW TEMPERATURES HINDER TREATMENT 

Aiiolhet (haiai lei islii ol sin lai i* w.ileis is season.il lenipei aim i i h.m^es this 
(.oinplicates liealnuiil, pailitidaih aHeilmi* the loai^ulation pioiess in llu 
wmU'i Low tLiiipcialines also (leale prohlenis with an l)ni[hii}> of lilieis dm ii> 
the intieased snliibilir> of f^ases and higher water visiosir\ I his lauses ptessiiu 
diop thioiigh ihe fillei fields lo iiKiease, relcMsing gas and disiiipling How 

Anolhei elleil id Unipei.iliiu ihaiige oituis m waler-ioidcd ssslems id 
indusirial plains where heal exih.inge etpii[iiiienl is iisii.illv designed hn ihi 
least iasoiahle tonililion—the highei sinnmei leinpeiaimis id siiifaiL waieis 
111 wintii when the leiii|KMaim e is low, tin flow niiisl idleii be ii'siiiileil in 
pieicnt oveiioidmg I owei wale i \elociiies iiiav .dlow silting in he.it liaiislei 
CLjuipmeiit, whii h can learl lo i oiiosion and lo piessuie loss win ii highei i oolmg 
lafes are needed 

Reiaiise nseis aie waimei in the siimmei, ilesigiieis lake I his into .niounl in 
mosi walei-iiepeiideiil s>stems But a lompliiatinn arises m lhal maiiv waste 
w.ifets I ontaiii heal iwim |>lani piocesses, and ihis aihh'il he.il lompoiinds the 
natuial use of the suiimiei, sometimes pinrluimg <m ellluLiil waim enimgli lo 
iieatc an unlicalthv Lonthlifin for atpialii life Pnllution disihaiges mil onl\ adil 
to the heal load ol the user, hut dies nsiialh also add to the oxsgen demand 
and mas hast a ptoiioiiiiied influence on the oxsgen lonteiit ol the iisei water 


ALGAE AFFECTS O, LEVELS 

When pillijiants are biodegiadable, badeiial aitiviL> in ihe slieain niileases sviih 
pollution load, lending to ieduce the dissolved ox)gen level in the stieani, bul 
ihcic are oflsetlmg latlois. Ihe priiiiipal one is die picsenie of algae in the 
stream; algae will produce ox)gen by pbcitnsynthesis in davhgbl—of ten causing 
supeisatuiation on bright, sunny days—with a falloH al tiighl as the pioiess is 
iL'siiified this diuinal cycle allects not only dissidsed oxygen, bul also carbon 
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cIioxhIl anil ihus pM 1 lus i.iii Jiavc .1 slriiii^ iiiHutiut (in llu (rM^ulaliini rii 
a want suppU in nuiiiiiipal aiirl inrhisliial watti liiatniLnl plants 

ll IS uiiiisii.il If) tiiul liif^li Ifxtls ol rlissiih 1 (I iinii 111 siii tan wait is (.xcipl 
utinc lh( wan I suppU is hi^hh lolniLrl and has a i(.lali\L]\ lim pit In tins 
(list llic nun usiiilU is lumplixtil hv tin ui^.inii inaitLi (aiisin^ tin lului ^11 
(xnpriuii tu lliis wiiLilil lu wliiii iIilu is and iiiiiil diaina(>t iiilu iht ii\(.i in 
lliis i 1st llu non IS inli iiiliii 1 d iiilo ilii u ilt 1 in llu 11 iliii t d (It 1 luiu) i iindilion 
ind .1 liU k (d dissuKtd uvvL*Ln piLvints its ovidatiun tu the liss suluhle kiiii 
stall 

Wtuii a 11M1 IS dainnud ihi walti (|iialil\ ina\ In lonsidiiahh ihficuni 
liuin ih ll ol lln flowing stiiani llu impoiindnu ni In hind iht dam thin takts 
on llu i ll 11.!(i( 1 isiii s i>l a like In ilrtp iiiipuiiiidnu ills ii is iiunninn lu find 
sii.iiifiL iliiiii with u\\^ln (hpjitjun 111 llu hultum si if>n nil /iini nid diNtlop 
nuiil u 1 si^infu nil li\ils ul nun and ni.iiii;aiu si in llu huiluiii nilii (\cii 
ihuinih iIm siiilui itmiins Im id ilu sl hi a\ i tin t ds 

I 1 mil llriwmL< siti inis iiid 11\( 1 s n ilt 1 nia\ ihllnsi nilu inirh 11*!uinid ai|uilLis 
wliiniht sill Iuiiiidiii^ \s ill I I ihh is low ui u iti i 111 is ii i d inli} llu 11\(1 li uni 


TABLE 2 3 Delaware River at Memonal Bridge near 
Wilmington DalBwara* 

Specific Conductivity micromhovcm al 25 C October 1969- 
Srplembt r 1970 showing variations lor day with maximum and 
day with minimum reading 
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these aquifeis when the water table is hii^h 1 his tcMi, iriHueiiLes iheiniial 
composiiimi pailitulaily non and man^anesi in iLilain sliiams 

In the iin|MJiindiTieni id niajoi rivtis, suih as the C idunihia, lliL C oIot adn and 
those III ihc. [tiiiiesscc Valk> system tlu niincial lonieni ol tin lakes behind 
iht dams IS siiiiilai to that in tlu iixii as wiiulii bi cv|)ittLd On tht olhei hand 
natuial or aitiliiial iiiq>nundiiunl of slitains in stnallei wattislud anas ol 
abundant lamlall produics watci suppliis rd \ri> low mincial loiuent 1 his 
accounts tni iht tXLiUcnt tpialits ol suih iniiiiitipal wait is as CFretimllt Soiilh 
( arolina Niw \oik ( its and Rrislon as shown bv I'l^utt 2 2 

WHERE RIVER MEETS OCEAN 

11k (|iialit\ of walti in tsuiaiits wInn iivcis iiilii ilu si a is iinpic dii i iblt 
deptndiii^ on nxti flow tidal uiiiditioiis llu si/t id llii basin oi bj\ and tin 
piLSinct Ol absLTUC id land ho in irioiis ili ii itsiiiil tlu flow to llu si i In lai i^t 
liasiiis siiih as Allieriiaili Sound on tht hasi ( oast flu walti iltlioii^h s.ilini 



Rguro 2.2 IrnfMmiidnuius in waKishiils supplied piiiuipally li> picripilalinn 
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IS of rrlntively uniforrii loniposiiion beiausp of mixing; of ihc sfiallow watei by 
wind, but in smallri bays llie quality will ihanf^e with ihv ijfk*s anil the How o( 
the rivei ll is oni* ol ihi* nniacks of naluit that aqnalu life adapts to these* 
ilian|^‘s and Hounshes in suih lidal aieas 

Mail) of the* inajoi iiseis id the isorld linall> reach the oiLaii thioii^h dcdlas, 
whuh have sniiie of the i haiacteiisius of an Lstuary In niaiiv insranLes, the 
Ihm of these nveis is so f^ieal that the dilution id ilu oiean can he measured for 
miles out to sea Some plants have used ihe biaikish waters of tidal basins as 
cmdin^ towei makeup, sinii the waiei is low enough in dissidverl solids to f>e 
lonicniialed by evapotalnm wilhouL seven* staling pioblenis )usl as flesh waters 
are Ihe use ol hiatkish watei foi ifiis purpose pciinits inslallalion id muih 
smaller pi]Hlines than would he netded if onie-through LiMihng weie piacticed 
One exaniph is a ifiemital plant on the. island ni 1 iinidad, whuh is able to use 
w<ilei friim the has side id llu island as Loolmg towii makiup Mils waler is 
[liluteil enough hv iJu immense flow rd the Oimoio Kisir sii that its salimtv is 
lout I than t\piial lutan walei pi i nutting ii to i inut iitiatc h\ t\a|joiation 
withiiiil raiising stall piohltms 

Out at SI a while suilaci wait is hast hitomi pail id tlit ini illation ssstem 
llu 1 ompnsiiioii of till iHt.mwaiii is rniiaikalib umlonii, as shown in Iahle 2 d 
I 111 It .III id mill si Irii.il ihangcs m salmitv as mLOtiomd eailiii laiiserl b\ 
iipwillmg of siilisiii fat i watt i s into iht ocean llu (low ol mights iivi is into the 
st.i 111 the melting ol glaiuis and llu polai icL i.ips I \cn though it isn t iisahle 
h\ land animals sea wain isasaluabh sinnri ol walei lot Jiifliisli\ anil is wiHelv 
used fill eoohiig 

LAKES AS RESERVOIRS 

lakes .lie a ma|oi souiu of Irish watii Mus an (d paitiiiilai signifiiaruc in 
Noilh Ann 111 a whin ( anada .iiid tiu I niti d Stalls shaic in ihi (iteat Lakes 
Basin what is iisiialh iiinsidLitd to hi llu laigisl lush wait i siippK m the 
woild In till Sovui I moil .i singli ImicIs ol walei lake Baikal in Silniia, con 


TABLE 2 4 Composllion of Ocean Walara 

(US Naval Oceanographic Otfici! 1966) 


I 111 lllllll 

1 1 iii]M 1 null ( 

Saliiiiis 

|i Ills pi 1 ilnniSfiiiil 

— - 

— 

Noilli AllaiiiiL 

C i lllllll wfill 1 

1 17 

Ti 1 Ui 2 

BfiiiDiii wall 1 

1 ^ 

u H no 

Sfiiilli All iiilir 

t ( niial w 111 1 

1 It) 

n \ *P)(i 

Bdlllllll W.4tl 1 

0 2 

n no 

Ml dm 11 am an 

(> to 

V} L-Lb 4 

Red Si a 

1) 

\'i 1) 

liuliaii Oicaii leiiiial witti 

b I'l 

n 5 ‘IS 1 

Nnilh raidii 

1 astc. 1 n 

10-lb 

n 0 S4 ll 

Western 

7-lb 

‘M l-’n b 

Sub an Ilf 

2 in 

•u S SI 1 

Siiulli Pan III 

1 dSll 111 

M-lb 

n 1 

Wesii ni 

7 lb 

SI 5 SS 5 

Suh anlaiciii 

S-7 

HI n b 



2^ Tin NALCO Witor ttandbooh 


tains about the same volume ni ficsh ivatei as the entire (heat Lakes system, 
5500 lubu miles (2 S x 10* knr*) Lake Baikal is about 5000 fl (1525 m) deep 
\Mth a suilate aiea oi about 11,000 squaie miles (2 d X 10" ha), Loiiipaied to 
05,000 squaie miles lot the (Treat Lakes foi^elhei, the (ifeal 1 akes and I ake 
Baikal ciJiitain 40^ iif the win Id's piisLiulv axailabit liesli watei 
Ol the Oieal Lakes, Lake Siipeiioi is iht laigesi, with a lotal aiea of alMHii 
52,000 sqiian miles and a iiiaxmiinii depth of ap|iio\imateh I h)0 leeL It is also 
"the riiflciini lake with a sigiiiluanth lowtt dissolved solids innltnt than iht 
othei (iieal 1 akes due lu differeiiies m gLologii linmatioiis ol thi laki l>ed and 
to temperatuie (Liguit 2 5) I hi. anaivses of 1 aki Miihigaii and 1 akt Irii are 
also shown 111 Liguie 2 ^ Lven though these two lakes an diffeunt in (niihguia 
lion, ana, and depth, thin ihemiial tompnsiiioiisaie siinilai 1 Ins mint iiiiaiioii 
ol iiiiniial inattei is maintained laiilv uiidoimlv uiilil llu waiei ol tlit (>ieal 
lakes IS linallv disihaiged hom 1 aki Onlano mro the Si 1 awiLiiiL Kmi 
1 he lomposilinn ol lake watei changes scasoiialh and someiinies c\cn rlaih 
with wtalliei Londilions \lthoiigh ihc inajoi dissoKirl iiiniLial ionsiiiiiLiits 


Idanl f riiin n ut Af ulyiw Tibuli md B elow _ _ _ _ _ 

A Lake Super lnr at Dulu th _ D Senec a L ake, Gene va, Ne w York 

H Michigan at Chicago _ f Uka Cuaur d'Alan a, Ida ho 


L Eri e at E ric. PA__ f _ClBar_Iak^ West Pala Bea ch, PL 
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Trnnpemure Twnparatura 

CF) DHtoranoes 



ALTLJU. ri-Mn-MTUflt* bHOWINI. 

AT Ur FEW NT nr PTH ■ ltMPFNATU*« 

OIFFLRENCE& 

i'tniOUT 

Figure 2.4 In siinnnii lakt Haiti if mpi iatuiL ilinps v^iih iiiiii ilrpih 

{4tfapfrfi frum ‘ i ht Muiustnfn of Dunking h\ \\ hiftpft and tan ) 

n\A\ ni»l hi* (TifaiK aflecli-rl h\ simmuis and wcalhei, muh factms as dissnl\L‘il 
u\m;i 11, Ifiiipriatiiic, sus|KMiclrd solids, liiihidit>, iinil lailiini ilinxidr uill 
(haiif'i Ik iansi* nl hmlo^iial aitiMtv Annihei lailoi tliai iie.iies ihaiif^r is tht' 
SL-asiinal I in iin\ ri lliat on ms in iiiosi lakrs in llu* I niled Suilrs [lining rhc spiing 
anri fall 

All rMclUtil ilassilii alion ol lakes is f>i\en in “ I lie Miiinsinpv nl nnnkin^ 
Wall 1 In NMiijipli and I an I'siiif* as then basis Ini Laiu^nil/1n^ lakes llie 
iiahiir nl llie theiiiiniInu* (leinpciaUiic haiiieis) ai diHciciit limes nl the \eai, 
ilu-> lia\i defined iIiil-l l\|ies nl lakes pnlai. tempi i.iti. and iinpiial, wiiJi those 
111 ill! I iiilerl Slates bennr i hirfh in the seiniiH cate^nis 


SEASONAL TURNOVER 

In lenipeiali lakes nvei 200 li (b() in) deep (liisi ni dei), the hnitnin ualei is al 
till leinpeiaiuii nl iiiaxmiuiii deiisils, \eat loiinil Aliei llie ite 

invei ihaws in spiini;, the suilait walei |riadiiall\ uaiiiis liniii S2"l’ In 
((I In Vi ) uilhin \shiili leiiipeiaiiiie lan^i ils deiisiu iiuieasis, \eiliial iiitida- 
linn iiimmeiK es ,is llie sijilaii leaihes ilit hnllnin walei lempeiaim e Altei 
ihis “s]jiin)* luinnvei,' ihe siiil.iie uses tihnve S'l 2"l and its densilv iJeiieases as 
It innliinies in waiin thimi^h llie siiniinei Ihe tempeiaiiiii )^iadiciit in the 
smnnit I is illusitaleil b\ li^iiie 2 1 

1 In lall and winlei tooling again i edui es the suilaie tempei aim i to ils 
maxinuini densih, and the ‘lall Ininnvei ' luims 

DiJiing llie pel mil nl suiiiiiiei slagiialinii, veiliial iiiiiilatinii is iiidiiied hv 
winrl, hill tins lone is not stinng eiinugh in cause mixing nl the hollnin walei, 
the hvpnlimninii Ihe iiiiiilalinn patlein iniluied In wind is illiisiiated in 
higme 2 "i 

A similai imnnvii iiiiuis in lakes nl llie seiniiil nidei, in llie apptnxniiale 
laiige nl 2W2(H) Icel deep In ihe seinnd nidei lake, the iMiltnin icmpeiaime 
iliaiiges iiieasuiahl), hut is riexei iat (tniii lliai nl maxiimim dciisit\. Figuie 2.h 
illusliales sin face and hnliniii leinpeialuies nl a hO-lnnl-deep lake, with luiiinvei 
nil ill ling at llie pnints wheie the tenipeialiii e mixes iinss 

In lakes of less than alMUil 25 iwi deep (thud nidei), veiliial uimlatiiin is 
indue eil alninsi exLliisixeU b> wmid ailinn lalhei lhaii ileiisitx ditfeieiii es, so 
theie IS Iilile difleieiue between suilaie and holtoiii lenipetalines 

An iinderslanding ol these i haiaitcfisliis nl lakes is ueiessaix In ptnpeilv 
Ini ale walei intakes and iliscliaiges It aids in antiiipating the elianges in water 
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Draclion o< Wmd 



Figure 2.5 Wiiul induced laLi waut iiiiulaiiim iidaptfti ftom Iht \ttrro\tt)fy\ uj 
Dntikmg Water h\ Whipplt and Fait ) 


tiedtmcnt needefl lo riirol ihangcs in lotnpnsifion t.iiiNnl hv luiiunn and wind- 
induced UTiiilatimi 

Anuthei chaiaLleiisnc td lake waU‘is, usualK sLasnnal and iLlated in hinln^iial 
a(ti\ii\, i<i laste and ndoi Fxiepi whin these inav he iiiLinduti d bv wasii^ wall i 
disihai^es, thev aiP iisualh alltilniied in oifraiiii mallei siith as essenlial mis 
pioduLcd h\ ihe alprai f^inwlh 

SUBSURFACE WATER 

Under^inund lesennns innstitutc a niajot souiic rd hesh wain In In ins nl 
stmagp capacil>, undciginimd acjiiiJeis wnildwidi iniilain niii UD'r nl ihelnl.il 
fresh water available fni man s use (Figure 2 7) Miiih nl this is iik> deep in be 
explniled ei niiniiiiealb In the L iiitcd Stale s, wlitri Mil CtKiII 1 akt s iniilam sin h 
a large veiliime nl fiesh wain, the pinpnilimi ed siiiiaiL watei In irinund waiei 
is inuih highei, but e\eii httt, it is estiinati d lhal ai least 'S(F{ id Inlal asail.iblr 
liLsh water slut age is in iiiidei ginund .iqiiilris 

Over bO bgd (2600 mVsec) of walei is wilhriiawn linin wells Ini n iigalinn id the 
United States mainland (Figui c 2 H) 1 his well water usage is about the same as the 
total water used bv mumiipalities thiniighout the I'nited States Ovei HU^/f of the 
muninpalities in the Ignited States depend on well water, although less than id 
the total volume nl water treated loi muiiiitpal use is tiniii this soun e 1 he lai gesi 
well held in the U S supplies 72 MGl) in the liIv id lamina (Fignii 2 *1) 


Tamperalure 

•F 



Flgure 2 .B Annual leni|Kiatuie 
vaiiariim cd surtaie and iNiitimi 
walei in a hO-tiMii-deep lake 
(Adapted from ‘ The Mirrosfo^ tif 
Dunking IVatei, by Whippli and 
Fair) 
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Figure 2.7 Moil than of ihi* tarlhs 
v^aKi IS in rhL miaiis All ihr nvris nt rhe 
vioilil inntain onl\ 0 02'/^ of the isnild's iiiial 
waui (IhL-ti IS soim flispulL arnniif; t?xpifits 
on ihi' exart i|iianiil> nf f;ioundisatt*r ) (htom 
"Wahl (if fht IfwTW,” VS Dipt oj thr Inhntnr/ 
Gttihirttnl Suri'f^ ) 

WELL WATERS CONSTANT 

riiilt'f ^1 luiiiil \s.iU‘i iisualK tiiosrs sei> sliiwK Its Him is mcdsuiccl in fcL't pti 
\fMi uim|ifiird lo suifact* stitMins wht'ic xHimiNcs air in ihc frrl-pri-sccunil 
iaii|>r RriaiiSL' uJ this, ihc iniiipositiiiii nl fiiis one well is usualh i|iiite mnstanl. 
Alihoiif>h sliallnw wells iiia^ \tii\ seasonal]v in leinpeialiiie, most wells are also 
(iiiistant 111 lenipeiatuie, iisiialU in the lange of 50-61)®!* (IO-16°t]l) Sitilc the 
watn has passed thioii^h miles of poinus ii>ck foinialion, it is iinariabl> ileai 
i( the well has been piopeib ile\eloped lo kec]j hue sand lioiii eiUeiin^ the 
taslll^ 

Suite the lomposiiirin is lelaird to the ihemistix of the f^eolo^Kal ioiinalions 
tliiou^h which the watet has passeil, waters fiorn wells rliilleil into ililleient 
slialj have iliffeieiii ihaiadeiistics Some aqiiifeis aie so laifj^e that thev mav 
covei seveial states in total aiea, and wells diilled into that paitiiiilar aquifer 
pioduie watet of siiiiilai Loiiiposilion Foi that leasiin, with good geologiral 
inloimation it is |iossibli to make soiiii geiieiali/alions about the composition 
ol well wateis in diflt lent paits oJ the 1 Silted Stales Selected aiialvses aie shown 
111 hignie 2 10 


Figure 2.B 1 he late of wiih- 
di jwal of icrouiidwatrr fin iriiga- 
tinn in the V S has me ceased 
rapidly sinir 1950 (With permis- 
\wn Irom “7 he/uhnsTtn Dnllers Jnw 
ntJ/' /uly-~Augu\t 1979 ) 



lOM) 19« 1V0I) iQOj 1970 197S 
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Figure 2.9 Giuundnalei d\tiilahiliiv in ihi- Lnitccl Sute'^ Suppl-es ate ielali\«*lv m mi m ihr weiicrii third nf the country hut plentifi 
in the East and Middle West /From Chemical Meek h\ spinal pennis inn (l^~7 lr\ U Cirrii Hill hr I 


WMr Sources end Ueei 
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Figure 2 10 SLlc*cif ri wtll w iKt> («nniiniiL d) 


In 111 iii\ III IS (if Hu iDiintiN p II 111 111 ij U llu WisL inrl Siiuilnsisl mull i 
frrouiid uatci is hiin^ iiuiitrl 1 his has iisiilufl in lul loss of i\ lU i wliuh has 
steadiU rcrliiiid ilu li\tl of llu wiUi Libk iiul Ins miniihiilc(I to lind siih 
siricnci 111 soint irtas siiifi is 1 oiii, Isliiid hciw wiiIkIt iw il has iisulud in 


TABLE 2 5 ExamplBi of ConriHte Waler 
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TABLE 2.6 Annual Walar Uaa by Typ** of Induitry 
(1972 census of manufactures estimated for 1973) 


Industrv 

Walei usagi hgd 

Gloss* liilakt Thsthaigi 

Piimai) metal manuladiiu 

24 2 

n 5 

13 1 

( hemiials and allied piiMluits 

30 4 

il I 

10 7 

Papci and allud pioduLis 

22 3 

li 1) 

b 1 

PcUcikuni and i iial piuduils 

32 0 

) 5 

3 2 

lotKl 

4 ) 

2 2 

2 0 

fr inspin tatiim iquipnuni 

5 i 

07 

0 h 

Mar hi nr r\ 

1 1 

I) M 

0 7 

Tcxiilc null piiHliifIs 

1 2 

0 5 

0 4 

All iiidusiries 

HO 

11 0 

)K 5 


* 1 ht illfttTCrilf f. Ij^tWLLllj 
udtti bv in plaiil 


intiLisinii Ilf stfi ^^AiLl iiilanrf Hcil iindi if^iinind iii|Lclioii is bum; piiUtitid 
to pi(i\idL ail initrmcdiaU biiuiii to hold back the sail waUi liiifii llu (iish 
uaiei udls Injutinii watci ol this kind must Ik hit of pollutiriii sinu llu |>rillii 
tion of an iiiidttgioiiiid aquifer ran be\ei\ seiious so niiiihtiiiiL being i(i|iiiit cl 
to displaiL lliL pollutant nine il has gnlim into llu aqiiiliT 

Table 2 1 lists llu dislnbiiLioii of the watn usouills of llic L niicd Slates and 
the rates of uilhdiawal and consuniption Thai poitinn iil this IilsIi v\alti iistil 
bv industiv not including utility loolmg watei is shown in Table 2 b Mnsl nl this 
water is drawn tiom the C«reat I akes and the iivei systems shown in I igurt 2 I I 

SUGGESTED READING 

Mill iU II f ske I Watt r Irtutment for Imlustnai and Othn ( \t\ Ri inhnlrl I Hb I 
Penman II 1 The Wall i ( vile Saentific dmenenn p 14*1 ScpUinbu IM7() 

1 iidd David K ed Fh ]^ahrI nrydop^dia Water Infiiiinalinii t eiiitr Purl W ishiiigion 
N Y 1*170 

LI S Depaitnicnt uf C iniiiiKiie Walti Use in Manulai luting 1972 ( tn\u.\ nf Mnnufar 
iurt\ Vlf 7>(SR)t 

L S GeolcigiLal Sui\e> I he Industrial L idity of Publu W'llu Supplii s in llu I iiiud 
Stales Papci 1299 and 1300 1952 

Whipple treiiigc C fht of Dnnktn/r 4lh ed ie\ 1 an M ind 

Whipple M ( 193) [uhn Wilev & Suns 



Chapter 3 

Basic Chemistry 


( iinip.iiiii^ lilt' rilinii lo the snsUmii is useful iii clevelopiii^ an unileistanrlln^ 
ul hasii I 111 mil al piiiiuples The sun is likuiieil In the iiulIcus of the atuni and 
the planeis in ihi eleilinns inu\ing in iiibiis alMHii ihr iiulIcus Die plixsiust, 
who would piohahh litid ihr aiialof*^ siniplisiii, is iDniciiieri niosiK with acti\it\ 
within the milieus, wIicilms ihe ihemisl deals piiiuipalls with the .iiti\ilv of the 
(daiielaiv ehitions ( lit nut al leaitiiitis lieiween alonis oi mulei tiles in\ol\e onlv 
these eleilinns, then aie no ihan^is in thi tuiLlei 

Mil milieus is made up ol piiiliiiis, ha\in^ a pusiliM eleitiiial Lhaige, and 
iieuiiuns, without aiiv ihai^e 1 he |D<jsili\e chaises in the nucleus are balanced 
bv the nefrativch ihaigi^d elections nibiting ii Sirici the mass of an electron is 
less than 0 OS'r of ihe mass ol a pioton, fni piaLlical pin poses ilie weight ol the 
atom mav l>e lonsideied lo lie entiieh in the nuileus 

Alonis ate identified In name, atomii nunil>ei, and atoimi weight 1 he aioinii 
numbei is the nuinbci of elections in oibit about the nucleus, and, theirliiie, the 
nuiiibei of piotoiis in the nucleus Ihe weight ol the aiorii is the sum of the 
proioiis and iieulions in ihe nucleus The names and s\ml>ols aie of histoiiLdl 
iiileicsi Some are ancicnl hisioiv, the svnibol toi lead is Fh from ihe Latin plum- 
hum, tioni whiih IS deiived the woid "plunibei.” others aie recent, such as fei- 
niium, ainmii numbei lUO, named ioi Fniico teinn 

PERIODIC CHART OF ELEMENTS 

Ovei 100 yeais ago, sludging the elenienls knowm at that time, the Russian chem¬ 
ist Mendeleev tabulated the aloniii weights ol diflcicnt elements in incieasing 
onlci, and obseived a lepcuiinii, in peiiodiuty ol Leitaiii signihcaiit physical 
pinpeiLies uf these elements He coiisiiucied tiom this a periodic chart n( suf- 
fiuenl accuiacv to enable him to predict the piopeities ol elements which had 
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Flgiira 3.1 PlikhIh ihaii of lIlihliUs I hr < lutRiils nl mii rr si in iht v\ at i < hi nnsi ,irr 
111 hcildfjK raic (Uinuiis art iiniittid Aioniii wLifrhts ait shimii in ihr ufipti kh 
ininirs alniiiii numht is htlim in fxihlfaii V iliiiirsaiL shown in thi ii^hl nl ilit ihiiiii 
lal smiiImiI rhc sMiihiils <iii iikmifittl ihiiiuf*hiiur ihi u\i 


not 111 Ills liiiii fH'ni (liSLtn E*ic fl A nnirlein \t*]siiiii nf his pitnirlit ihail iiinrlilii'ct 
If) atLCMil the (kincnts iil partuulai inteiesi in wain iheniisls is iipiofluiL'd in 
1 * 1 ^ 1111 - 1 1 

At fine lime the atninic weights tltAcInpLcI In tfu mists ilifleiLil finm ihnse 
de\elnperJ fn niiLleai ph\sitisls 1 hose aiiiviil at bv ilu iliemisls hail been 
based nii a sisieiii nf Ingic whiili assifriu*d In nwgen an alnniic Heifrht nJ Jh as a 
stalling point C)x\gen inrnbmes uilli snnii niel.ils and nihei elcmenis m iiinie 
than one pinpnition foi example, theie aie inn nxides nf caibon, ( ()_ and ( () 
Finin ihis kind of inioiiiiaiiiin and the ineasuied weights nl the malenals found 
111 theniiral leiUlinns, using the assumptinii of nx\gen basing an almnic weight 
nf lb made it possible to ralrulale the atomic weighl ni nthei elements 

The physicist uses the mass of the pioton in the nucleus as unity Scientists have 
discovered that theie are seseial vaiielies of many oJ the elements, called iso¬ 
topes, attributed to difirienies iii the nucleus An isotope nl an elenieiit is an 
dUmi having the same siruclure as the elemeni—ihe same eleitions oi luting the 
rmileus, and the same protons in the nucleus, hut having mote or lewei neu¬ 
trons For example, isotopes of hydiogen aie deuterium, having one neulioii in 
addition to the proton in the nucleus, and tritium, having two iieutioiis in addi¬ 
tion to the pioton These have weights of 2 and ^ relative to hydrogen at one 
Ihis basically aciounts for the difleiences in riumbcis airived at by the physicist 
and the chemist, since the latter was working with elements found in iiatuie, and 
therefore, containing the clement itself plus its naturally-CMiiiinng isotopes 












































I hr isolupr must familial to ihr layman is piubtahly which is inunil in 
natural iiianium (alimiii wrif^hl 23bi 03) is fissiuiiahlr, aiirl bccamr wrll- 
known as ihr basic matmal used in the hi«l alnriiir hnmb Hecaiisc and 
[)eh.i\r idrnlually in cheiiiital icartions, thr> must be sepaiairii by r\- 
tirmrlv sujihislic alc*(l physical pine esses bascrl iiii ilirit \ef\ small rlilleirriLe in 
ahmiu weijrhi, 233 vcisiis 23H 

FROM ATOMS TO MOLECULES 

Alcmis 1 an cumhiiie in hnni mcileitiles 1 he nuilectiles iiia\ be as simple as the 
assiHlaliiiii nl tun h\[linden atoms to liiiiii riinlciulai hsilrtigeii, 11/ Molecules 
made up of a iiiimbet of diileieiil atoms are called iompounils I hese vaiv 
fiom the simple iiiiinn ol sodium .iiid ihloiiiie to foiiii sndiuin [hloiide, Nal'l, 
haMll^ a moleiLilai uei^lit nl 38 3 (the sum ol thi* soilitim atoniii uei^hi aiirl the 
ihlonne atomic ueii>hl) In exLieiiiclv claboiatL lombmalinns ol cat bon, hsdio- 
f^en. miin^eii, aiirl pliosplioitis found in such siluctines as the PNA (denxMi- 
lioiiiiileic and) inoleftilt, the fimdameiital iimi iii all cells, which tallies the 
genetic inch I)\ \ has .i mnleculai ucM^ht m tin iJiotisaiids In ualei lieiilmeiU, 
maii-m.iile nmli'ciiles ha\iii^ molc'ciilat ueit>hls on the niilei ol 3 nnllioii aie 
used to inairiiiaK stispLiidid solids m water 

I he atom IS dc fiiieil as die sm<ilU si unit of mallei utaimii^llu tli.iiacteiistiis 
of .in tie menu, .i mnlciule is the smallest unit ol mallei ii laming ihc^ pinpeities 
ol a I ompoLiiid 

Sim I tile wcifjrlils id alums and incdeclilts an lelalni, and because the units 
thcinschts an iimmai’iiiabK sniitll, tin ihemisl wniks willi units hi irleniifies 
as molts \ mole is an .iihiii.m unit weii>hini^ in )>ianis die same as die weight 
ol du mall Hill aiiixcil al h> addling tin alnimc wci|{his nl iis c oiisliitients lor 
t'Siimple, tahiiim i.iihonale (( .i( Ot), a i ompoimrl lamili.ii In walei ihemisis, 
has a moltiiilai welkin rd 100, so a mole id iale nun i .tihoiiate weighs lOOf^iams 

I his IS also 1 iilkrl tin ^lam midifulai wti^lii \ iindi cd .ui\ malt iial contains 
exaidv the saint niimhci id imdec iili^s ,is a molt nl an\ oditi m.ileiial I his is 
Xxo^adios Nunihet h 02 > 10'^^ When dealing willi teases, a molt ol aii\ G;as, 
c niil.lining 0 02 ;> 10~* mnliLults, alw.ixs occupies 22 4 lilt i s al OT t Isms .iiid 
7h0 111111 inial pi essiii e 

IMPURITIES IN WATER 

IS ji III alls s]jeakiii^, no i hemic al is pine, wheihei iiainialh otr Lining in man¬ 
made Most iiidiisliial iluimials h<i\e a lev id ol mipuiilv usu.illv miMsiiied m 
|K 1 11 Jilii^i, Ol pails pel liuinlied Mu waiei chtiiiisl sililnm deals with Wiilti 
soiiiii's having peiteiil.i^e levels id imptiiilv, except Irn sea uaiei («ihniit 3S 
dissolved miiiet<il iiiipiuiiies), coiiiiale wateis (picjduci*d with soiiil Liiide nils, 
sometimes c niil.iiimitr 20-30^ ilisscdved salts), biaikisli wateis. .tiid ten tain in- 
dustiial waste wateis Since tlu walei i hcnnisl is tisiiallv vcni kiiijj with li esh walei. 
hr me.isiiies the impiiiilv level m pails pei million (ppm), 10,000 ppm e(|ual- 
iii|; I'r, a sample nl wain fiom lake Muhifian, Loiuammi; aboiil 130 ppm. 
has an iinpuiitv level id oiil\ 0 013^r Since a hlei ol distilled wain weighs 1000 

Ol 1,000.000 m^. It IS .ippaieni that 1 ni|^ id iinpiinlv in a lilei lepiesents 1 
ppm llowevn, a litei id seawalei weighs about 10*^2 so I m^ cd imptiniv in 
seawalei is k^ss than 1 ppm Hecatiselhe deiisitv ol the watei mav bc' i|uite hi^li, 
die use of iiif)/1 IS mote pu'tisi than ppm, allhoii^h lot |)i actual pin pose's, thes 
aie iclenlical when ileahiijir with ftesh watei 1 his book will use m^/1, the })ie- 
feiied notiiiion 

Anvihiii^ 111 watei that is not HjO is it ioiilammani ni miptiiii> \11 wain is 
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impuir. diicl It IS the piiiuipdl ]oh of ihv wau-i iliL'inist iii liefine thesr imininiies, 
SCI spccifitdliniis li>i cdcfi inipuiils attcpldblc lor llir iiitcnrlcil use of the watci 
aftci 11 LMtiiiciil, and itrxisc cioiioiiutal licdliurnt incthorls to icaih llic i|iidlil\ 
liiniis iliai hast' liccn set It is iinpoilaiit in ic4opii/c ilial tlic in ins ini|niiil\, 
LDiitaiiiiiialiDii. and |i[i1lulinii air siih|ciii\c ours In fins hook, a l oiitanunaiil is 
LofisidcTcd a pollutaiil whni its i oiii Liitialion irailiLs a lr\rl that nia\ Im* 
haimiul rilhci in ai|ualii lilr ni In ihc jHilihi hralih il ihr nain is frii potahk* 
puipnscs Dissnhcd JtnpLii nil's III wain aii liiiiadh i lassiiicd as nun ^iinii sails- 
dissohcrl lirnn inincials in thr i^colofiuaJ loinialions foiuaniiii^ ihr wain 
snuiir, aiul ni^aiiu inatln iilaud in .ii|uatii lift .iiid \r[>claiiM iomi oI ihr 
wain shed In iiinsi hesh wains. ilissoKcd iiiailn is l.n i>rl\ inni^aiiii 

In llir wain ihniiisi ihr iiinlriiilai wrii'hl nl •! iinnnal is lisii.i11> of li-ss iisr in 
lakulatinns than its ripinalcnl wii^hl, liiiaiisr iiinst niinnals rhssnhtd in w.iin 
air loni/rd In iinrlnslainl llir drfiiiirinn anri iisa^t. ol Li|uiVfili nl wu;;hi, ilu 
hchasinr of iiiim solutions -lallril cInlinUus—should hr r\ainiiiril 

ELECTROLYTES 

Wain IS known as ihc iiiinnsal soKiiil Whni ii ilissokis a iniiuial, iirw ina 
Inials air pioiliurd fi mn ihr aloms irkasrd h\ iht ininnal Must an luiuLi 
tnriilal paitiilrs lalkrl ions 1 hi hiiakiip ol a (hiiniml inin|iniiiul h\ dissolii 
lion in waiLM loi ins iaiioiis, w hit h air |insili\ lI\ Lhtin*ifl and anions, w hit li an 
nr|iali\rl> ihaii^rfl (■tnnalh, an nuitasi in w.iiii linipLialuir i.iiisi> an in 
irrasr in llu solnhiliiv ol iiiosi sails linpoiiaiil .iiul noiahir ixirplions au 
(iaCX)|, liaS()4, Ml>( (),. .nid iill ol whiih luionu li ss snluhli ,is ihi 

inii])natuir iiinrasrs 

Muir arr a nnnilui of wa\s in wlnth ihis |)Iu iionu non ol loni/.ilion laii hi 
rlnnniisii aird ilu siin|il( si is an ixpiiniinii in whiih tin lIkiiii h^hl is ton 
nri U fl in an rkiliiial ini nil ha\ iiit* iwo srpaiali rl poks insi lU d in a lir.ikt i ol 
warn (Fi^un f 2) Sail is adrlrd to du watt i in small iiuirinints anrl L;iadiialh 
the li^hl hii^hirns. llu iniLnsiis 1111111* pi opoi lion.il lo tin amount ol sail tidrlril 
In |}iiir wain the iiiiini is oprn. 1111 uni In iritis to Mow onl\ .din sodinin anil 
ihloiidr ions lioiii iht sail an pirsrni lo lianspoil i Irilums ihioii^h ihi sohi 
linn If itssials of sn^ai air arldril to ihr wain insirad ol sail, nolhiin^ happrns, 
salt is an rkitioivtr and sii^ai is not 

It was ohsrisrd iiitinv \rais ap;o lhat nnpniiiiis 111 warn lowri Us Jiri/in^ 
[>oint l^pon lairfiil iiiM'sti^alioii il was diSLOsnrd that oiu iiioh/lilri of a 11011 - 



Flgure 3.2 Puir wain is iniiuiiucluiiisi'. hul aiiiliiinn of an 
iiini/iTi^ salt allows lurmir lo pass 
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e]rilicil\le suih as su^ji iii alioliol ilissoKril in u.itci limcis llu* iicLVinj* point 
bs 1 H6°( ll was loLiiiil lhai oiir inolr/lilt'i of snrliuin ibloijcli* loweied the iiuiv- 
111 ^ point In almost twice the value loiinil lor suirai and aliohob and one 
inole/lilri ol soilium siillali^ piodiurd almost iliiLi iniies this depression I Ins 
IS due lo the piofliution ol two ions, sodiiiin and i hlotide, liorn one molecule of 
sodiiiin (hloiidc sail, anil ihiee ions, two siiilitims anil one sulfate, Itotii one 
molecule ol sodium sullate (Na^SO,) 


IONS AND ELECTRIC CURRENT 

When sodium cfiloiide dissolves in water in pioiluie sodium and (hlmirle ions, 
the sodium Insi s the siii||ilc eleilion in its ocilei oi hii lu ihi* ihiniiili ion I he 
sodium, having lost a nef>tiin e iharge. beiomes posiiivelv ihaif^ed In one unit, 
and the ihloiide, fiavin^ lelameil llie elculion, beinines tiet'aUvelv changed bv 
one null If Iwn elei ll odes ai e iiiimeised m llu solution id sodium thloiiile and 
diiL'il lujiinl IS applied, sodiiim will mint lowaid the ne^ativtlv lhaI^ld elei- 
Mode (whirh is i .illerl a lalhode), anil ihe cldoiidc ion will move to the positiveb 
I hai^i ll c l( i liorli (lalli d ihe auiiili ) ll is because id this iliieilion ol movemeni 
ih.it die positive sodiuiii ion is (idled a lalion and the negative (hliiiide ion iUi 
anion 

1 bosi (leimiils shown in i oliuiiiis 1 \ and IB rd the IVnoihi (Jiaii bei oiiie 
lalioiis with a ihaigi oi 4 1 when dissolved in walei Simdailv, the elements in 
I oliimns 2\ and 2B beioiiic ealioiis with a ehaige of On the opposite sale 
ol die Peiiodie 1 able elimenis in lolumn (lA iMnome anions with a charge^ oi 
2 and ihosi m eolumii 7 \ In luiiic amoiis with a ihaigf id 1 1 hese ihaige‘s 
iiie (ailed the valemes of the ions, the iniiimoii ions in walei aie mono-, di-, oi 
liivaleiit (See ‘Signs and C onveniions in t le i ii oehcmistiv." in the Appendix) 
Ions in.iih up of seviial (Idlelent atoiiis .iie iailed ladii.ds Cinmmon laili- 
eals m walei (hemisliv imhide amniotimin, \Ifa iaiion, and niliale\ \0| V 
sidl.iii SO, and phosjihale, IH), whah .iie .inioiis 

Memenis that loim ealions m a(|ui oiis solnlioii mav In bioadh elassilied as 
alkali metals (eg , sodium, |)oiassinni) alkaline eaith iiu tals (e g , magnesium, 
(al(inm), and luiivv nielals (e g, non, m.mgaiuse) 

III llieii eleniinl.d loini, each ol tlie'se lan displace hvdiogeii iioiii a(|iieous 
solutions Sodium and polassium aie so active that thev will read with walei it¬ 
self lolihcM.ite liMliogen 

2 Na + 2 (2) h. T + - NaOfl (I) 

Magnesium will not le.iil with i old walei, hut it will leaet with acid, which is 
a soliilioii ol the liMliogeii ion 

Mg -I- 2 lie I -- H, t + I' (-) 

ELECTROMOTIVE SERIES 

1 hese talinns i an be ilassifierl, then, aieoidmg to ibeni leaetiviix in an ordtM 
known as the eleilimiintive senes, sliown in lable I Not oiilv will the mote 
teaetive melals displace hxdiogen iimn sidulioii, bin tht^v will even displace 
nu'tals Ik'Iow them in the senes lot example, il a snip nl iinn is placed in a snlii- 
tinii id roppei sullate, the loppei will pkile inn on the ship as the non goes into 
solulioii 


Pe + (aiSC) 4 —►Car + I’eSO, (3) 

In cniiipaniig icactioiis (1) and (2), to pioiliuc one moleiiilc ol hydrogen re- 
i|Uiies two atnnis of sodium hui oiil\ one atom of magnesium, because ihe so- 
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dium hds a char^t* +1 hHiIl thi magnesium inii has a chaige of +2 ihjs 
provides niu basis loi rJit lunicpl of cijuivalenl utigbi I he crjuivaJciit iveighr 
of a cation is ihai uciglii whiih %\ill displau 1 0 gram of livdirigin liom ac|ijeoiis 
sciUilion In iiiosi it ailions cquisalLiil ^(iglil is the intileculai weight of a sub 
stance, divicltd b\ its salt net 


TABLE 31 Elaciramotiva Sarina of Elamanli 


Flcmc ill 

H df 1111 It ulinii 

\ oltlgl 1 

Fotassiuiii 

K 

+ t Iv 

2 

( lUlLllll 

( a 

+ -»► ( i 

2 H7 

Sodium 

Nd 

^ i -*\d 

2 71 

M ignisiuiii 

M({ 

+ 2i Mg 

2 n 

Miiiiununi 

4J 

+ Il ♦ \i 

1 b() 

/me 

/ii 

+ Jc —* 7n 

0 7b 

il on 

1 i 

^ 2i — *> 

0 44 

\ukil 

Ni 

4 2i —* Ni 

02 j 

fill 

Sii 

+ Ji ♦ Sii 

r) 1 \ 

Ic id 

Pb 

f 2c — Ph 

0 1 \ 

Hvcii [igf 11 

2U 

4 2e ^ H 

u no 

t oppe 1 

C u 

4 2t f u 

0 14 

Ml iiUfs 

Hg 

4 2t — 2ng 

0 7M 

Sihi 1 


+ i — Ak 

0 HO 

(ftild 

4u 

4 11 —* \u 

1 'll) 


* llU MllllgC 1 ' 

snlulioii iniK moll 


When direct ciiircnt is passed ihicnigli in ac|iiLinis solution of in ilccliol>li 
(the piociss of lIliIioInsis) i unit eif clfiliiiitv i illi il tin I ii idav ii|Uil to 
9fi 50d inulonihs (imptrc. sreonds) laiists onr ei|iJiv dent of i ilioiis lo tc ict ii 
the laihodc and one tcpiivalcnl of anions at the inodt In the chitiolssis of 
HCI 

J H( I - II t + M t (^) 

In tins rtacLioii one haiaclas icic iscs I 0 g of li\diiigtn g is at llu lalhodi 
and ^^4'} g of ihloniu gas jt tht anode Hit inoliculii v\Lights and c i|iiivaJLi]i 
weights of somt coinmon thcliolvtts arc shown in 1 .ifih \2 (see ilso ( hap 
ILI 4) 


TABLE 3 2 Wolghli ol 5om* Common Compound! Uaod In Water 
Troatmont 


i [inimrin ri iiiit 

hfiriTiula 

Mol wi * 

hifuix wi 

1 able salt 

Na( 1 

'iK 1 

S8 ) 

CausiJf sod 1 


40 

40 

Sail cake 

Nd jSO* 

142 

71 

ScKla ash 

\a,t i) , 

UKi 


1 inusiiint 

Lat t) , 

UM) 

SO 

QuiLklinit 

( iO 

Sb 

2H 

SlaktcJ limt 

( dfJH) 

74 

17 

(vvpsuin 

( aSl)4 2H,t) 

172 2 

Hb 1 

Muiiatic and 

H( I 

'j 

4b >1 

Sulfuric and 

H SO 4 

4B 

4M 

Acjua ainmcmia 

NH4()H 


Vi 


* Also called Inimula weight 



COLLOIDAL SYSTEMS 

Soiiu* l>|irs ol niallrr un bu (lis|Jt‘isrd iii ualfi l‘\cii thcnifrh nni tiul\ soliihlr. 
Ibis rlispcision is diconiplislu^rl b> bicaking ilimii ibc maicnal an cx- 

tiemclv small si/c, at the uppri cnil nl ihc si/c laiigc Ini icins anri molcLulcs 
Paitides III this si/c arc tailed Lfillciids 

I be sulfate Ilf almust all ni.iftei—glass, steel, plaslii—has a lesirluc iil elei- 
tiical thatges Ibis tan lead tti ihe deseliiptiienl iif high suiiate viiltage. as 
deiniinsiiateil iin a small scale b\ the disiliaigc ri( a spaik nf statu eleitriiit\ on 
a mid, di\ da>, atirl im a latge stale b\ lighlmrig \s matlet is lecluicMl in si/e, 
the ratio ol siiifaie tliaige In mass inileases exponeniialb Assuine that a cube 
nf sanrl measunlig i t) millimeter nn eatb side is ledmeil in iiillnidal si/e ol 
1(H) millimiiriins (I niilliriiHroii - If) rmlliiiietei), this would piodute 10’^ 
f olloitlal panicles with a total suiiate j0,()()() limes laigei than the ongiiial giam 
with a I Ol I cspoiiilmgb l.iigei suiiate that ge 

h IS this high surlaie ihaige, wliiih is lugalive loi niIh a fs.iiid) in the ex^ 
aiiiplt giseii wliith t.iuses iolloitlal jiarliiles to lepel one anoliiti, thus iiiain- 
laming llu siabilih of tilt tlispeisioii 

OXIDATION AND REDUCTION 

I 111 IViimlii ( hail shows that a nuinbti ol elemenis have moit than one val¬ 
ent i I Ins IS nl gieat impoiiame to the walei diemisi, an example is non, whose 
oxide IS i|uiie soluble in watei when ils vakiiie is f2 and alrtiosl lompleieh 
msoliiblt when its valente is 4 ^ II iht valence ol .i maicnal betomes mote 
posiiiM m less ricgalive, iL is said lo be oxidi/eti Reduction tKtiiis wht‘ii valente 
Imx nines moit mgativc or less positive—fm (‘xampli, in I he i hange ol non 
4') In non f tin non is said lo have been letliiietl \noiliei example of this 
IS ifie fhioni.itt ladnal, ( lO^ in whith diioniiiim has a valentc‘ ol +h, when 
ihis IS ledintd, the ihinimimi is diangtd m vaknu lo 4S 

In this ixampk, an elleclivc loiiosion inhibiitii, ihiomali', betomes a heav\ 
on lal t.til on wilh no tisLlul piopeiiies, .mil il pieiipiiaies as ( ifOIlh In piodiice 
stispenditl mallei 

( tii.im walei lieaimeiit chemuals, such .is thloimt gas, .tie c'ftective beiause 
ihev aie siiong nxiili/ers \Mit n i him me is pieseiil m ils eleinenl.il loiiii, il has 
/eio valentL II ihe ihloiniL allaiks taibon in ils elemental stale, ihe taibori 
thanges liom /etn valent e in + I .iiitl lor ins (.()j gas, and ihe thinime is le- 
dutetl limn /eio v.ileiue statt* to llu tliloiitle anion, ( 1 ' In i eat lions of this 
kiiirl, one mateiial is oxicli/ed and ihe olhei is lerluteil. with a ni'l change of 
/i‘io in the eletliu.il b.ilame nl the svsiem, siiul ihtie aie as maiiv positive 
diaiges pioiliiied as negative ihaigc's 

SOLVENT ACTION OF WATER 

1 he solvenl at lion ol watei vaites fiom one nniieial lo anolhei lable S shows 
the solubililv ol some tomnion lompoimils in walei 

lake niiiieials, gases and mganit mallei aie soluble in walei Meniv's Law 
states that the amount of gas dissolvcxl in watei is dtieillv piopoitmnal to the 
piessuie ol the gas above the waU‘i surface In ariv gas s>sleni tiie piessure pei- 
cenl ec|uals volume jHfiteni etpials mole peiccnr 

P, ' V, H 

The airnospheie is approximate!) 20*/’f o\>gen ami fl()9f nitrogen. At atmos- 
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TABLE 3.3 BoluMHly Of Bom* Inorginic 
Cowpoundi In Witor it 2Crc_ 


C atinii 

( ijinpouiid (siiliri 
phast ill paicnihesis) 

Siiluhilits ui *A 

H 

IKl 

41 0 


UNO, 

* 


H SO, 

* 

N.i* 

N.i( 1 

Jll j 


NaOH( 111 O) 

5J 1 


\a\ih 

4b 7 


\.i ( 0,1 Jlllf O) 

17 7 


Na S(b( mil O) 

lb J 


N.i,rO,( JJH O) 

M I 

K 

K( 1 

J5 4 


kOIll 2H O) 

52 H 


KNO, 

J4 0 


k i 0.1 Jll O) 

1 


M^l 1 ( (ill O) 

ri \ 


MglOll) 

\il 


M^C O 

\ii 


MgSO,( 711 0| 

Jll J 

( 1 

( rl( 1 1 hH O) 

IJ 7 


( a(OH) 

i) 17 


( it O, 

Nil 


( iSO,( Jll O) 

n JO 


1 a.ll’tb) 

Nil 

l*t 

let 1 ( 411 (» 

10 h 


It(OII) 

Nil 


let 1, 

17 0 


l((OH) 

Nil 


* liifiiiiiih >rilLilik 


|ih( ru ])iLssuii 111 7h0 iniii nl ni(uiii\ ihiii ihi p.iiii.il piissiiii iil ii\\|ilii is 
152 iniTi .iiirl rhi jjailial |jiissiiii nl inrm^iii is hOH niiii \( thi sl p.iMial pus 
SUMS rill ■ippinxiinau i niiic nlialinii nl nwgin in wall i is iibniii 111 ni^/l anil 
iiiLio^eii IS ahoiil 15 m^/1 rluiii^h tnui liiiiis as maiiv iiiirn^Mi iiinliitilts 

die bnmh.ii iliiif* llit uaUi as ii\>^tn iiiiiIkliIis It ss than iwiii as niaii\ ^n iriLn 
stiliilinn II the inial f^as pussiiit at llii u.ili i siiilaii wiiiilrl dnuhlc sn wnultl 
tlu LnnLLiiliatMin nl nw^Lii and iiilinfiLii in tin walti snliitinii I nlike innsi 
niiiiL'ial salts whii h hri nine innti. snluhlc at hijrlu i u nipLi.ilui ts ^ast s ili i u asc 
111 snliibilitv as tin iLinpciatiiic lists 

ORGANIC CHEMICALS 

Orffaiiit iiiallii is a binad calt^niv dial iiiclnrlis bnlh natural anil s^iiiIuIil 
innlei tiles c(intaming (dibon and usuallv lisHiAll lisin^ niatlci is inadi up 
nl nr^aiiiL mnleiules Al nne tune, iii^aiiii ihiinistr> uas innsiihuel in niMiUe 
thnsc laibnn (iHitainin^ i niii])niinds piorluted b\ Iimii^ things Bill iiinsi oi 
gdnit inati rials tan nim bt inarlt s>ntbctit.allv, sn tlu ii itlalinn In li\inf> lhin|rs is 
nni a luitssaiv iiiiidiiinii, alilinti^l] il is still line, nl inuise, dial lile pintesses 
are iinnlvcd witJi nigaiiit iJuiiuraJs Organiis can bt txliinub snJiiliJt in 
udici—as IS die case with altnlinl anil sugar ni may be i|iiite insnliible—as 
most plastics aic t\eri when dissolved m watei at less Ilian 1 iiig/1, leiLaiii ni- 
gaiiit compounds may still cause srfirms ph>sinlngical eflects Modelii lechrinl- 
ug> makes il possible to analyze such toxir niganic materials as pestiudes al 



tnnceiiLTalions in the part per billion (ppb) range lo put this in }iers|>e( tivc, ana- 
l>zing 1 ppb (one muiiigidni of c niiiaminaiit pci liter of watei) is comparable 
lo seeing a bottle tap on the Faith’s eqiiatoi fiom an orhitmg satellite 

|iisl as elements Lombinc lo foim ladicals in inorganic ihemistiv. so do ele- 
iiieiits Lonibine uiili caihon to loim luiulinnal groups with then own indnidiial 
piopcities 1 he major kinds of organic linniioiial groups and romjMJunds of 
iinpoiianci to iJil vsaiei ihtiiiist arc. listed in Table i4 


TABLE 3 4 A Summary of ImporlHnt Organic Groupa and Compounda 

1 ( «ini|iniiiiils Ilf ( and H 

(111 niLlliant (Tl|— iIil iiiLth\l ^iiiup 
II|( —( Hi (iliani t H,—( H llu tili\l giniip 
II|( —i II —(111 piii|itiiu ( H, -< If —t H — till pif»p\l gimip 
lilt -( H -CM III hill nil I sfiai^lii iliaiii iiiin|>«iiiini sinit ilii laihons .iic 
liniai (jiiiiiiil in a sirif;>li lini) 

( II, 

\ 

t II,—( 11 —< II, isiiliiiljiii I 111 nnliitl ill nil iniiipiiiiiiil liaxiii^ llu saiiu Liiipiiiial 
liiiiiiiili IS hiitani III isiiini I ni luitanc 

( ll| ( M <11 <11 1 11 < tli hixaiu aiiiiilui saiuialiil ioni|>ound in Ihc 

sii ii^hl I ham sliils 1 hi siraighi ihaiii anil 
hfimliLtl 1 h nil isiiitiiis aii lalhd aliphatii 
iiiinpitunrls 

II ( =< II iilnkni an tins iiui lU il i fiiiipinniil so l illid liiiiiisi aililiiioiial II 
iiiLihl III adihil llu sulfis i ni and llu dniiliU iMinil (-=j in llu siiui 
mill loriniili flinoic uiisaiinaliiiii 

Ht II 111 IX U lit 1 1 oiiipoiinil lidMiig ill tvtn ^ll lU i ili^iti id unsaLurdLion iii 
di[ lud hx a liiph iNind (=) 



iMlidicxaiu a ixilii iiiiiipouiid sini l llu larlKin 
I hull loiins a iloscd i iiiihguialiiui 


Ixii/iiiL ail LiiisaliiiaLicl ixilii c nmpouiid also 
I liltd iioinilif I ht sliiiLiiiidl Inimiila is idltn 
shown as a siiiiph htxa^o^l 


\oii- 1 oi niiilas max In siinplihid hx i iiumhti oi shruihaiid mil iiioiis i ^ luxant, 
( Hd< H ),( II, 

2 1*11111 lioiial Iwiiiups I oiilaiiiinp> ( mil () 

t) 

(a) — i .— a ladMuivI gU’Up piestiu m Ketones aLids and aldeh>diS 

O 

Example ( 11,—1 —< ll^t 11, is mclhvl eih>l kttnne 

I I 

(bj ——T,— an tilipi 


Example < II3—<)—C H2C H, is meth)! ethxl ether 

(veneial examplt H—<)—R , where K and R aie alkyl groups suih as methyl and 
ethyl, nr aiyl groups, such as phenxl ni btiizvl 

3 EunLtional Groups Lontaiiiing L, H, and O 
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TABLE 3.4 A Bummary of Impoflanl 


Qroupa and Compounda fponUmMd) 


O 

II 

(a) —(.1—CiH an and, also wiiuni—C^DOH. lallrri tin* laihiixyl f^niup 
txampir fJ-Ii—I'llt—C OOH is piopinmi and 

I 

(b) —C'—()H an alcohol —<)H is a h>dioxvl ^roiip, olrcn idrntiliL'd b\ ihr suHix, 


hxaniplr* 1 C.M|^)J1 is iin^thsl alcohiil, in iiiflliaiiiil 

hxampic (.HI n-pinpvl alinhol (in pinpaiinl) when* “n" iiiraiis 
iioimal, 111 slrai^lii iham 

f IlifJlOIKjll] isiipiopsi akiihfil vvlu'ir “isu" iijlmiis isiiiiit‘i, in a 
iiniipciutid hasiiiK samr iiiiik'i iilai as ilir iiin inal nnn- 

pniind hill a rldlcmil stiiuiiiir 

Oil 

Fxaiiiple ‘5 |ihriiiil, a ivilu 

ah (iliiil A sitnplilml 
tin Hilda is i , 11,1)11 

✓ 

(■nirial hxaniplL' R—Oil, is line* K is an alkil Kiinip suili as nu'lliil rrliil rii 

srnii 1 flir air nhiil IS aiialoiroiis to a hast in iiiin^aiiii i IhmiiisIi \ ll i tai Is \miIi rii ^.iiin 
anils lo Innii l-sIlis slkIi as siraiil ^hii’iirlt llai), llu uailioii piodiut iil ihi 
aholuil kImliiiu vmiIi a |iiin*-ihaiii .mil siimiic and 

^ AUnliols alsri iiMil uilli laiisiii in piniluii' alinlinhiirs suih .is 
( Hi—( Hj—ONa, snrliuiii I'lliilali 

(O o 

—( —11 an aldt'liMk 

L\ani|jk' (M|—fill—(H.- C 111) bull i<dclL hxili 
(fifiifial t‘\am|jk K -I HO 

1 FuTKlinnal fwiimps I nriiaiiinif; I . 11 anil \ 

R. R', and R" ri*|nL‘si-iii .ilkil (sllal^hl rhajiii anil .nil fiiilii) injL>.itii[ ^innps sin li as 
inc’ihvl, i'llul ]ilu‘niL cn 

R—NHx a piiiiiaii aiiiiin a liasu niaii'iial siinilai in aiiinionia (\H,) 

R—Nil—R' a snnndai V amine R' 


R’ N—R" a irili.iix ariiiin 

^ R' 

R——R'"|—OH .1 i|iialriTiatv aiiinif, 

a siiiinj* iii^.inii base 

Ni>ii hnn^ liasii, amiiit's iiari wiih inorganic ands in liiiiii aiiiiiii sails .iiirl xviih ingaini 
acids tn linm aniidrs 

R-NH,+ 11(1 -►R—Nil, H(l 
R—Nil, + R'l.OOlf-►R—Nil—( ()—R' 4 ll,0 

5 Pcilvmcis 

Pulvnieis aie laigc; iiioleiuk’s cniisliuLlc:d nl agfrrrgalirnis nl individual unils called 
inciiicjmei s 

Kxainplr 1 Lll 2 =(.llj, cMlivleriL- mniirimer I hesr iiiiils join In fnini elhvlriie |>i>lv> 
nier 

—CIl,—Cdl^—CJI,—CH^--1^ eic 
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TABLE 3 4 A SummBiy of Important OfB«fiic Ofoiipi ind QompoundB (ConUniwif) _ 

I his pol)niLii/Lcl uhsJtiiL is i illt cl |N)lytLh\lL nc ll is i hniiiiipnl)nipt 
hi I uisL ill iiniLs lie ihi s inu 

I xdmpli 2 inyliiiiidi iiimiuititi ( H 11—( l)\ll 

1 he hiiildiiif; mill is |( If H| 

I 

0=< —NH 

uhiih |i}ins iiiliLis 111 fill III polv iLi\l II nek 
<11 < fl— < If —( H -— 

f)-=( -MI \ 11 i)=<^ -Ml 

I Ills IS ilsii I hoiiiiipciUiiu I Ikl lUst ill units iit the siiiii 
Iximpli ) Ivio fliMi iMii niiiiiDiiu IS iiii\ lu ixiKintii/eil Iriiiiiin^ i iti|Mil\TiiLi tin 
I \ inipli iMsIiiiiiik L 111 Ilf 1 ipi kmc I I/I fl wiih imlii iliiI 
((||=CI| ( 01 ) 11 ) 

( fl —1 II -( II -< II — 

I I 

i)-(—\n o—(—<)ii 

1 his IS cilliil i pills lii\liiL It IS ill iiimnu piiKiiur sinii the. iiiyliU 
milt IS ifiifiiiii in niliiir vxiih llie II itiii him^ in ixthmgr ihlt i iiiiin 
\ ^11 ll \ mils nl iiifiiiiiiiit I s I 111 III f fjpnlvmi ii/tfl in this f-ishiiiii Bs 
siliiliiiL, riiijiiniiii 1 s I 111 lulls iiitl cririihinm)^ lluiii m tin tiy(hl piupiii 
ti IIS 111 If [111 II sMi^lil mil siiLii^lli III mmiiii ir t iimiiif ihn^i in the 
fill ll piilsnui t m In uintiolkcl 


PREDICTING SOLUBILITIES 

I lull 111 I It ss 1 Ilk s 111 iliuiiih ti) iiSL in rk It I iiiiiiiiu; llu snluhiliU i>t ms iIiljiii 
I ll rniii|>(iiiiiil iiintLfinii ni m^mii—iiiuilci llii sills nl smlinni piK issiuin 
mil iininiiiiiiiiii in Infills snliihk iiiiiui il mils (fl S()| IK 1) lit snkihlr 
sviik ilu tMiptimi ril 111 1 tin lu i\\ nulil c iliniis (Tb \i>) ninsl h ilirli s (C I 
111 1) 111 sfiliibli LMipi ioi iltuiiuU mnsi iiibnniUs hsilinvulis mil phns 
philis 111 rmh sli^lills snliibk with ilii ixiiptinii i)l llinst tssociakcl svilli \a 
k mil NMj \ simpliliicl sohihiliis lIiiiI is i^istii m J ibk ^ i Snlubiliiv iliU 

lit ill iLi iiiiiud finis b\ lihniildis msislifr lUnn 1 in rlinsi m lU 11 ils tli it ut 
sits sli|ilills siilubli svliiih lilts iixl iibiii nils ili lints is luiiit* k ss lli in JOOll 
ing/1 (ihi tp]niixim III siikihilils nl f iSl^i) ibt Siilnhilils Piorliuiis iiistfulUMil 
11 ll Siilubilils I’liifltiil iiiikis ll pnssibli In iikiiliu llu iisiiliiil snhihilits 
1)1 itiuiiiiiil itlfiiluniii ll ll i ilnu 111 h) ri inoM il h nin w iitt bs pi c i ipil ilinn 
^lM)lrlln^ III llu Snliibihts Piiuliiil iDiiiipl llu i iini t nil jiinn nl i iliiiiis mill 
lipliLil bs llu imuLiili iliDii nf miims iiisis i piinltiil ssJiiili is i iinisi ml it i 
l^isin kiiipii iiLiii Tin i lUiuin iitbmiitt i stnipk ixiitipk this ixpiissum 
wDulil bi 

1 < i I X Lt t) 1 Ks 

111 tins t X impk llu i niu iiili Uinii nl hiiili llu i iJiiiim mil llu i iiboiiate is gist^n 
111 iiinlc s/lili f (in mnitslilii M Ibi Snliibihts Ikiufiiil m ihis i isi is txpitsseil 
ill mnks^liKis ^ In a iiaLiinn sshrii iimiL thin i siiif^k i iiinii mil mion art 
linnufl ihi cxpiissinii is iiiuiL msnlstil is ssilli m i^iit siiini hschnviik 

MrIOH) +2 011 (f)) 

Ks = [Mg 1 X [OH 

III wTiuli Last till milts ait imiksMiUis * 
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TABLE 3,5 SImplWad Solubility Chart 


\nHKi ■* 
i ( atinn 

1 

(1 

Ri 

I 

Jl( o, 

r)ii 

Mi, 

1 (b 

SC), 

s 

C iC). 

H), • 

Ni 

S 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

K 

s 

s 

s 

s 
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\ SS \ii\ s|i|Thil\ snliihli 21) JOOl) 111 ^ I 
1 iiisriliiljlL less ill in 20 ni^r 1 
\ \ni ti f iiiiipuiinil 

In the. fast ni ( .i( Oi ihis nicilhimain.il ixpi ( ssinii is ilii i i|ii ilioii lot 
Ixila Ihi snlulnliu nl (aliiiiii) laihonaii is Jrninil at tJiai poinl ihi laJ 

1111111 fM|iials lilt laihniiau loiitLiin.iliniis iiii ilit iiiixi (I iirnu M ) li imH Ik 
situ iluii thai in itiluct ilu siiliihiliix oi laliiiiin in waUi llu inii imIuiikhi 
r>l (vira r .11 hniialt ions (in Lvampli l)\ ailcliiif^ siniiiini laihnii iii —w ill 11 iliii t 
llie laliiiim ions SolubiliU Piofliiils ol si^tiilii am i in uilti (liiiiiisliv an 
sliiixMi in lahit ) h 


FOREIGN IONS INTERFERE 

llu piecipilaiinii ot niosi iiioii'ariii soliils liiim uaiti is so aihiUil b\ llu 
loiinalioii ol ion pans anil loiiipicxts lliat the Soliibililx riinliiil is ol limiuil 


Calcium 

mg/lasCaCO-, 



Figure 3.3 Plm ot tali mm ions 
VLisiis ijihnnati inns in saiu 
laicrl C a( 0| Sfilutnins Inniis a 
h\pci Lola 






TABLE 3.6 Solubility Products ■! 25X of Typical 
Hydroxidai and Carbonataa 
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Kiaiiiijii 


Snliihilih |irn(liiil 


Ie(OH).I t'M 2011 
1 t(OII),-^ 11 '* I U)ll 
\l(OII), » Ul^ »+ 111 O 

/iiO \ 2l\^ /ii^‘ 4 H O 
Mii(OH) Mii^ 4- 2011 
( a(OHl ( a - 4 2011 
I a( (),==; t j M ( O, ‘ 
Mf;fOI1) 4 2011 

Mj(( O,^ M^* + ( O, ^ 


1 A 10 *' 

2 X U) 

I X 1(1 “ 
h 7 X in “ 

J (1 X 10 «' 

17x10“ 

1 X 10 ■* 

I V 1(1 1' 

I X 10 ■ 


I I Hill \i|Liaiii ( liLmisii\ Siiinini ^ Minf>aii 
' 1 1 mil I Hill t nil .111mis in ninks/liii i 


\.iliu 111 inirluiin^ ailii.Ll tiiatiiuiit irsiihs IUl.iiisl ril tlu' git til nl ions 

III iiiiisi u.iKi s\siinis ii IS SI. Ilium lliai a jhiil pii iipil.iti, siitli as ( aC C)|, is 
finnu'd Till inilusiuii iil (oiri^ii iiiiis in iln^ |iiLiipitatL anil llii' IniniariiHi iil a 
VriiiLl\ 111 11)11 pans m Mil siiliilnin in ifirri iihiemsi* Mu' siiluliililv ol Cat ()| 

I \rii il |uiu' ( a( ()| pit‘Lipilatt'S, i( nia\ fnini tun kmils nl iivslals, cakile 
(Mil mill I siahic) ami ai .i^tinili wlinli Ii.im iliffiTrnl snluliililii's 

]iisl as rhi watii ninlcink laii Iniin iliaiiis (( haplci I), sn ran inns assncialc 
MuiiislIms vmMi uiu annlliii Ini Lxainpk lakuiin iiia\ hr |nis(nl in ualin as 
1 a ni II iiia> rxisi as ( a(H( O,)^ iit ( a(OH)'" Ma|;ni siiirn ma^ hi pifsrnt, 
alsri III a \aiirl\ nl iniiii Inims i )s> , M}i* ~ anil O/ 

111! u.iiii iiink uik ilsL'If iiia\ laki pail in ilirsi itai linns, iisiialK assniial- 
in^ wiili luM\> mrlal laliniis in a lalin nl 1 1 oi (i 1 I ni Lxainpli. nnii in uatei 
iiia\ Ik picsLiil as I i (11^0),,'' as ut*ll as Ft*' 

III Mu pi I sc nil nl aiTimnina i nppi i is inniplcxiil sn lliaL in adililinn In Mit' 
pirsrmi nl tnppiM inns ( ii Mu 11 is alsn [Jiest'iil a uhnk laniiK nl Liipiam- 
inniiiiim ininpkxrs liniii ( ii\H| ^ In ( ii(NIl|)/' 

I 111 pii'sniiL nl siuh inn pans in snlntinii inrii'asi's Mu sniiihiliu nl Mir pir- 
Lipitalirl salt 1 ipialls as i niiipliialrd is Mu naliiir nl ilir piriipilalr In Mir snll- 
rnm^ nl vvalii vmMi linu, rlu Inllnwinu; iLaitinns aii iisualh rx|K'Lli'il 

(aOKC),), 4 ( a(()ir;.-^2f a( (),i f 2Hd) (h) 

4 2Ca(OH) MK(()H).i ( 2ta((),i h 211,0 [ 7 ) 

In iiaLlinii (li). Mu i.ikiimi iiia> lie pii iipiLiilril vviMi liaii amniints nf nrlici 
ratiniis, siuh as sliniiriiim, jiinrluimg a i m siallmr Iniin iiinir snliiblr Mian lal- 
(ilr 1 hr snhibiliU nl ( a( 0| rlririminril Ini liishh piriipitatrrl malriial pin- 
iliuril In I railing Naj( Ot uiMi ( aSO,, Ini rxanipk, is liigliri Mian Miai ciljiained 
ulirn laliilr is giinnid and sdiiril inin distillrd wain Ibr satiir rllril is nb- 
srivrd uiMi alinnsl all sligblU snliibli inalrnals f hr snlnbiliiv nl Mie piriipilaLe 
ina> br rxpriLrd tn diminish uiMi limi and appinaih Miat nl Mir pnir solid as 
il agrs and didi>dialrs 

III irarlinn (7), drprndiii^ nn Irmpriatiiir and pH, Mir magnrsiiiin may 
pitiipiiair as a iinxiiiir nl biiiiiu iMgCOH),!, magnrsilr (MgLOO, nrvi|ur-l 
hnnilr (Mg( Oini Indinina^nrsilr |Mg 4 l(-.()|)i(C)H), TIIjO] Faih nl 
Mirsr inmpnunrls has Us imii sniubilils 

OTHER ANOMALIES 

AnnMiri laitnr afteiling snlubilily is Mir piescnir nl niganii inaltrr disjiolved 
in watci li has hern amply driminsiiatcd Mial the residual laliium fioin lime 
siiltrning nl sewage al ambient temperaluies is 2-3 times ihe solubility iii Iresh 
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Cdciuni nSokibon 
mg/l hCoCO 



Flgura 3 4 ( likium sulf iit 

(^\pMlnl) Miluhiliu iiui(?is(s v^ith 
iiuiLasiii^ sorliuin tlilDiiik 


watfi pit*suiiidbl\ ilui til nijidiiii cDiiipUxis II tlu sdiiu slu is Ik iti il rnii 
alMiut ] jn°t (b(/C ) llu le If lions wiih limi iil iImiul Mil shir isohiiiiuil will) 
fresh uaui ]iii\plit<ibl\ the sanit tiled is not ohscivtil uitli in i^iiLsiuiii pit 
(ipitdlion 

One Lvamplt iil toinpitx tilt its on pit iipitation is foiinil in Mr i o igiil ition 
of ivalii with aliini [\[ (SOM) 1 ^If wluu Mn lollowni)^ iLiitioii wmilil Im. 
e\|>eiu d 

A1 (SOMi + hH O-^ 2AUC)H),i + SO, (K) 

Howtvti analysis of tht pitiipilatcd Hoc will show tht picsiiui of sull iti 
m Mil solids iiidicitmf> that sonic S()| ‘‘ nnons liivi upUfirl Oil nuiins in 
the lattire ol Mu pittipilalc 

A final fador afleciin^ soluhilit> ol these sli^htK soluhk lompoiinds is Mu 
SI) failed luiiie stiengMi ol tlu upiioiis sokilioii 1 he liight r Mu loneuiliation 
of foitign ions nol inckidi rl in the piriipititt tlu inoit soluhk is the pFiiipi 
tati 1 his means Mial ( aSO, loieximph isnioit soluhh in st a w.iiei i ontaining 
about ^(1 HOO nig/l Na( 1 and in oil luld hiiius lonlaiiiing up to 1’ll) f)f)() iiig/l 
Na( 1 than in fresh wain eoiiriining lOt) mg/l dissolved solids (see liguii ) 1) 

Iht Soluhilits Pioduct then is seeri to be a uselul i oiut |)l whin usi il ipi ditc 
ii\rl> fji dcvelnped etiipniiallv for a speiilu svsleni hut ol liniiud value whin 
taken diieiMv fioni a handhnnk (In fact suih data from diHiiiiu handbooks 
liequcnth disagiie) 

EQUILIBRIUM 

Another concept closely ri^latcd to tlu Soluhilits Pioduit is the 1*11111111)110111 
Constant also ealkd the Dissociation C onstant 

Not all chemiLdl rtarliuiis go to eumpktion bciaiise the ptoduels ol the le 
action cxeif a restiaiiiing effi ct on Mu itaitants 1 he iheniist shows this by llu 
inlluwmg conventions 

2Hz f (H) 

This readion goes to eornplelicm—sometimes explosively Ike yield aiiow 
shows this ipaetion going in only one directum 

SFe + 4H2O Fc,04 + 4H2T 


( 10 ) 




In thi>» leartinn, il tht* hydrogen generated in the process is loniiniially le- 
moved, the icarUon picKeeds to ihe right, il the system is contained, however, 
an cc|uilibriijm is leaihed, in which rase all loui iiialeiials, ]<e, HjO.l'eiOi, and 
M 2 , aic foiiiul in ilie conlainet, it exlia hydiogeii is then iniioduied into the 
s\strni, tilt reaclirni will move to ihe lell 

Such an ei|iiihhriiini can he cxpiessed niatheniatiLallv In ihc’ leailion 

A+ BC ^AB + ( (11) 

the ec]nilihiiuni constant is gi\en as 

_ [A B| X [C I 
[A|x[Br] 

where ihe hiaiketed sallies au cxpiessed 111 loiiccntidtion units, usually moles 
(Ki liiei 

When tliL C‘i|iiilihi 111111 IS 1 elated lo the loni/alion ot an eleitic)l)le 111 waiei, 
the dcgic'e ol loni/aiioii laii he lalcnlaled, as shown I 01 the reactions in I able 
^ 7 


TABLE 3 7 lonizallpn of ElBCIrolytea 


Kcfii non 

lit giL L III 
inni/alion’* 

\.i( 1 ^ \h h r 1 

0 H'i 

N.I ( U -* 2N.1 + ( 0 , 

0 71) 

lUI^M Ml 

0 42 

H ( 0 ,^ H M1( 0 , 

0 0017 

\i()H ;= N iM OH 

0 41 

NH^OII =; Ml,' ^ OH 

1) 01 \ 


In ii (M \ soliiliuii al 1 K°( 

son liijin tins lahnl irinn is sttii iliai sniiii cliiltiii\lis in hi^liK inni/t il and are 
lalUil sttnii^ sails amts 01 hasts ntluisait viis sli^hih Knii/id anil aic called weak 
i 11 1 II iih 11 s 


PRACTICAL VALUE OF 
EQUILIBRIUM CONSTANTS 

Sliong eleilioKtes, such as sodium ihloiidi, tompleteh loni/e in fiesh water, 
so dial the 1 *i|uihbinun ( onstani is ot 110 valut 111 taliulatiniis iinolviiig this 
pailitulat salt llowisei c.iUidatinns nnohiiig wiak clefliolvlis rely on the 
1 f]iiilihi 111111 ( onstani In show die <listiibulion ol die iLdLiiiig materials and 
piodiiits hodi 111 ihtii loiiii and non loiii/ed loiiiis 1 his piosides data iisetul 
in selell1n^ tin niiial ])mu esses loi itiiio\.il ol yaiious 1 oniatiiiiiaiits tiom 
Wdtet lot exaiiiplc, the Lquilibiiiini Lonstants loi f^ases ihal loni/e in watci, 
such as hydio^en sulfide and ammonia, make it possible lo laUulatc die op- 
liimim pH values loi lemoval ot these maleiials fioin watei in then gaseous 
toriii Ivpiial dissocialiiin loiislaiiis ate shown in I able H 

SOLID REACTANTS 

Iheie aie two distiiiciivi ineihaimms by whiih materials dissolved m watei 
I cart with solids, these aie adsoiplion and ion exchange 

Arisuipiion IS the adhesinn ol a lavei ol moletules ni inlloiclal pai tides to the 
suifaces ot a solid, which is usually porous The gas mask is a common dlustra- 
tinn ol die use ot this picicess The mask lontains a cannister of ailsoibenl ma¬ 
terial, usually activatecl caibon, capable of removing and stoiing hazardous or 
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TABLE 3.6 OlwoGtatliin Conitanli of Wook Acldi ond Bom 


CalLium hydi nxidc 

Ca(OH)2 

1 74 X 10 ' 

Phospluini acid 

H.PO, 

7 'i 

X 10 ' 

1 ead hydfoxide 

l•b(OH). 

4b 

X 10 ^ 

Amniumuni hvdioxide 

NH4t)H 

1 K 

X 10 ' 

Acitic acid 

f H,( OOH 

1 H 

X 10 ' 

(.arbonit and 

11 ( O, 

4 t 

X 10 ' 

HypiM hloious and 

HI It) 


1 10 " 

Bone and 


5 H 

X 10 


loviL gases so that ihe ]icrsoii wealing ihc mask tan saiel) hieathe e\eii though in 
a 1 ontainmated almospheie In wain svsieiiis, a siniilai ailivarirl laibon ii- 
moves organic molecules which cause taste anti odor pinhlems 

Another example ol the picuess is the adsniplion of SiOj, a negali\e1> ihaigccl 
lollnid, on IreshK piecipitaleil Mg(()11)j 

Ihe amount ot adsoibent ie(|uiied loi cllectisc lemrnal caiiiiol he deui- 
mined from a chemical equation However loi an\ given svstriii expeiitncnial 
data are easily plntled cm a semi-log giaph piodncing a straight lint the 
fieudhch Isotherm, figure 3 5 

Ion exchange is the piocess of lemnviiig unwanted ions liorn a srilulion in 
an ecpiivalcnl exchange loi prelened ions supplied h> a solid ha\ing a spinal 
stiiictuie to do this 1 he solid, an ion exthangi inaun.d—also called a /coliu 
must be rechaigeil pniodiialh with the picteiied ions In this iigcnciaiioii 
the acLuinulated unwanteil ions an flushed to wasii 
1 he lenioval ol calcium ions (haidncss) h\ sodium /lolilt a (omiiion pi on ss 
IS shown bv the reaction 

C.a'^ + Na2 X-^(a\ + 2 \a* ( 12 ) 

the Icttei X repieseiiting the latirm c-xchangt solid 


niq I t OU 
Hemovpd my I 
Cdrtxxi 



toward Sifb and (nght) aitnatrd tarlmn toward orgaiiirs (( OD) 


1000 
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Many ila^s liavf inn cxtharig[r piopeiiies Fins is an mipoiiani aspect of soil 
(heniistry and plant niitiilion One of these ild>s, diiioplilolile, is used to le- 
ino\e aniiiinnia lioni waste watci Howevri, most ion exiliangeis aic synthetK 
oiganiL materials loi niiilaled lor speiifii appliLatimis 

CHELATION 

A final inniLpl iii f^ieat iinportanLL to water iliLinistiv is Ihi pioiess ol dicla- 
lion A ihelalini* agcnl is a inoleitilt—usually organii—whirh is soluble in 
waliM and tan uiidLif>i) iLadimis with metal inns tii hold Iheiii in solution So 
Lhilation IS analogous to ion txihaiigt with the diffLKiue being thi solubihiy 
of the exihaiigL inalnial in ihilalioii the exchangt maleiial is vti\ soluble in 
watei as a laigt itioIliuIl, hi ion ixihangi the exihangi material is insolublt 
111 water and is a laigi solid partiilc 

the iliLiiiiial eifiiation fin ihclalion is smiilai to that foi ion exihangt 
1 Ol ixampli a (omiiion i hi lant is tin sodium salt ol cthvleiu dianunt Lena 
■anil auii (IDIA) Adih d to waiti this ihilani iiiUls with cakium ions lo 
kcip Liam 111 soluiion pit Milling llu lin niiitinii of t at ()i stale 

(a + N.i 4 H)IA —CaNa^lDI A + 2Na (V\) 

Ntril I hi I IS .111 fj\ M Miiiplifuaiiiin ni a iitinphx In 111 iil clitiiiisti\ — cnoidiiid 
linn ihiiiiisliv I hi nig.iiiii piiTtuiii iil tht IDIA ininpnuiifl Ini ms ImuuIs (lig.iiuls) with 
llu fiiiiril I itinii (I 1 ni Mg ) nihii lluiii iiiiiii InmiiIs sn ihi ttailioii shown is 
pm n( llu iliililinn pinuss 

IhiiL ail a iiLinilni of natural oigaiin maltiials m waUi whiih hasL ihelal 
ing iihiliiv suili as liiiniii and .iiid lignin Ricause of thin rhelaling abilities, 
sonit oig.iini maleinls iiiimIlk with Lertain wain sofliinng pirncsscs 

Soiinwiiai IL land lo ihilaliori is the pioitss nj si fpiLslialion also lalleil 
llii i slinirl II t aliiii 111 \\aiiil\ ol phosphale eompounds ralkd poKpliosphales 
ait iiseil in tins |iioicss lo piivent ioiniaiion ol non iiiangaiiLSt and ( at t)| 
rle posits t ijiule MSI (I pliospliatts ate piodiiuil In dih\di ilioii ol out oi nioit 
Ollliopliosplian (IH )4 lonipounds II iiinnosodiiini pliosphali is used iht 
(oniliiisirl piofliiil IS sorluiiii melaphosphijn 

\aH.Pt) 4 - H.O- \art), 

Willi disodiuiii phosjiliaiL, sodium p\iophosphatL is loniiid 

2NaJ1Pt)4 H,() - Na,P.t> 

I hi kinds ol eoiiilLiiscd phosphaus Jinnud laii bi v,tried lj> using iliffcreni 
iiiixliiics of orihopluisphates I he loiulttisid phosphaies foiiii ihains eontain- 
mg till P—t)- P gionp as sfiown below loi liipoKphospliati 

() t> t) 

\a_() P_(> P—X)- P -t)- Na 

t)Na t)Na t)Na 

Piopei sLliition of law inatcMials tan piodiice long chams calleel |Hil\phos- 
phates which lia\i siiong eleiirosiatii ehaigts ainf wliiih lesisi hvdialioii (ic¬ 
ier sion) lo the oiiginal oithophosphau form 1 hr iioiui i stalliiie (glassy) phos¬ 
phates with an Na.t) Pjt), ratio of afroui 1 U oi slightly over aie most stable and 
usedul for ihrisholfl treaiiiunt the most lommorily used produil is failed hrxa- 
rnetaphosphaie (NaPt)j)h 

Water euniainirig a high i nnetiiliation of Ldhiuni that is in a eonihtion lo 
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precipilale, treated with only 0.5 of polyphosphate, can 1 m* kept from de- 
fMisiting (iaC^Xi scale. Ilie amount ol pilyphnsphate required lor efl'ectivc 
siale control is lar less than that required for sol truing on a sroicliiometric 
basis, hence the name "threshold treatment." Polyphosphates lati also holrl ¥v 
and Mil in solution (sequestration) in an environment where they wniilrl other¬ 
wise preiipitate, e.g., in the presence oi oxygen or ihlorine at a pll over K. 

Other properties ol poKpliosphaies are useliil in water treatment. When 
C!a(iO.M precipitates in the presence of polyphosphares, the usual ralcite irvsial 
lonn is distorted, and the scale structure is weak. Because they are sltongly 
charged, polyphosphates adsorb on sill particles, and help to keep tlieiii from 
settling because the individual particles repel one another. 

The value ol polyphosphates is destroved if ihe\ revert to orthophosphate. 
Solutions oi glassv polyphosphates itmiain stable loi months, hut in the w'atei 
system they ma\ he reverted h\ low pH. high ieinpc*ratuie. and the presenie 
of the oxictes of certain heavy metals, iiicludmg iron. 

SUGGESTED READING 

Degc'iing. L. F., F'll., ei «il.; Oigarnt i'Jiemistn tiollege Oiuline Seiirs H.iiiie** Nnhlr, 
(■eleiidei, M.. iiiul (ietlnei. S. l..‘ Hfvinv Ir\f in ('Jirfni\tr\ .\instc) Si hmil I’liUlii.iiinns, 

\*m. 

Miifiie, F. |., iind ilall, W. I ' tli\tm\ of {IhemiUiy JH.SI 

Ndliii tdieiiiicdl (dimpdn> I hr Chrmistrs of lufliistiml thf/fr innlnifiit P.lliT 



Chapter 4 

Water Chemistry and 
Interpretation of 
Water Analyses 


1 lit imiiiniin rit iiiiiiiin.iioi nl llu* nidioiiiv iif w.ilri pi dIiIlmiis is hdi clncss Haiiil- 
ii(‘ss IS DHL Ilf rht^ folk itMiiis irihniUMj linin iIil past uiih iiii^iiis in hiMiseliiild 
ust 1)1 ivalti fill wasliiii^ ll \\«is Ifiiiiict that snnii wait is weic haicl in iisi' in 
(If)iii^ lilt laiijiK laiiiirlix Mnif snap w.is iieeried in pindiicL suds in these 
wall IS so mill h sn dial iiiiiiiN liniists had a i.iin hai irl in a i isltnn to i dIIllI soft 
lain ualei Ini w.ishiiii> IndiLrl, this itlalinii hciwteii hariiiiess anrf surls was so 
ftindanu iiLil dial du* theinisi dt \isc rl a staiidai d solution of snap, whit h was used 
Ini iiiaii\ xtMis In di leiniiiie dii haidness of waiei I hiis, iiatiiiion defines bald¬ 
ness as die sn.ip-Lniistiniini; tapatilx of watei I oi piailiLal |)tiiposes, ii is the 
lalfitiin and m.i^iiesiuni t onti iil rd xxalei. although he.aw metals sulIi as iinil and 
llla 1 l^allt se also lonsunie snap 

Haidness, thin, is the snliiiinn in waUi ol botli laliiuni anil inagnesiiini as 
taliDiis, iiulepeiideiii of du naluii ni ifit aniniis piesent ll has iisiialh been 
expiessed in teiiiis of laliiiiin laihnnale, ( a( ()| 1 his is a fnilmious ihoice 

because ihe innletulai weii^hl nf C a( ()| is ]0() and ils eipinaleni wei|;hl is 50, 
pinvidiii^ a inmenieiit iinii ol exthaiifre ioi expiessinj^ all ions m walei. laihcM 
than showinq; each with its own er|iji\aleiit wei^lii 1 his is Lumpaiable in basing 
the dollai as a [onxement uiiil nf exchange in mteinalinnal tiiiieius i adiei than 
dealing in a inixtuie nf maiks, pniinils, pesos and hams 

Ihe walei anahses used foi dlustralinn in this bonk are based nn the lakiuin 
laifmnale ei|ui\alent iniicept. a widel> used, bin iinl universal, tnriii lor lepnitmg 
a walei analysis Iheie aie sexeial olhei fiiiins also used in ihe lliiited Stales 
(1) mijsl analyses nf the L S (pcnlngiial Suiyey and nihei (>nveiiiinent ageiiLies 
leporl inns as they at luall> exist, usually in ppm ni mg/1. (2) some chemists leport 
loniL cnnsiituenis in ec|uivaleiiis pei million, ailived at by taking the cnmentia- 
tion ol each ion in ppm as sfinwn in the lypical l^SGS repurl, and dividing this 
hv equivalent weight 
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TABLE 4.1 CompariMin of Water Analyala Report Mothode— 
MIeeleeippI River el Vickebiirg 





U\irf\ as 

1 oiiipiiiienl 

iiigd* 

t |iiii 1* 

1 af 04 

C ak 111 111 

th 

2 ID 

111 

Magtiesiiiin 

M 

1 11 

17 

SimIiuiii 


1 Vi 

71<J 

Potfissiiini 

27 

D 07 

NR 

liiliil caliniis 

NR 

4 D| 

217 

bit aThmiaiL 

11-4 

J *12 

IJh 

Sulfate 

h7 

1 4D 

70 

( lilinide 

W 

D >4h 

4H 

Niliau 

Ui 

D nil 

\ 

1 nul aiiifuis 

NR 

4 

247 

Iiital Haidiuss 

172 



DissuhtJ Solids 

UI4 



( riiiduLljiiit (/xinhnsl 

1H1 



pH' 

7 1 



Silli.i Uls Sit) ) 

H 1 



lion (as 1 l) 

DIM 



Ma^aiusi (as Mii) 

(Ml 



< oloi« 

r» 




\K \ni I [ pm U*il 

^ I S(*S nirdidfl (W.itf 1 Siipjih I’.ipii oii^iii.ilK 111 ppm 

t I [|iii\aik*iHs ptM niillion iii llit jlidM ixaiiipli Im [.ilnuin Lpiii - (h/JU (ir|Ui\.ikiii 
Mci^hl) 'I k) 

1 Car (), I r|iii\ali 111 liiim iiifr/l ,is ( a( Oi 
I) H> dill I It 111 t 

1 pH 111 pll nulls (film 111 AHIi\ nulls 


lahlc 1 1 (i)iiipaii's llusi llircn inclIuifK nl ir|ir)iiiii^ .i u.iU'i aii.iKsis In 
Ioliiniii tun, llu sum nl all llu aninns fit ii i nnnt rl h\ aiialvsis is 1 dI 1 Ins sli^vhiK 
ext reds iIil* rnial launiisas ilL'itn iriiritMl i#\ jiuKsis, 4 Sinn I hr w.iln must \h: 
rlrtliirallx iiriilral, lli< sum nl iht [.iliiiiis sluiiilrl rtpi.il iIk siini nl llu .inirnis 
but 11 IS rint unusual in find a inndrsi disurpann usuallv hriaiisi sunu ininnt 
InnsliluciiLs —prihajis ainiiiniiia (a lalinn) in ihis lasr—haniil bttii iipniiirl, 
nr iMMausc nl liinilaliniis nl iiidiMiUial inn tests 

111 the iiiiiK method nl lepnitiii^ icsulls, silita, non. and iiian^aiiest aie iinl 
Lniiininnk lepoi led in mini fni ni llus< iiiatei lals ai t iisualU inllnidal Stiutl\ 
speaking, in a deep well waiei tiesnid nl nxvtrcn, non and manganese ait snhihle 
111 the I educed foinis and \U\*^) and shiiulil hi lepnilcMl as Laliniis il then 

(iiiueiiliaLirms are a si^niliiani portion nl the total Silua inav hi an aniiin 
at tonientiaii ms ovei 10 irij^/l 

I he loinrnoii tnineniimi in usnur the C aCOi eipjivaleiii for in is In ineiinnk 
the anahsis nl sodium and |)OLassiuin and to lepnii these inns in^elhei as 
sodium, ileteimined as the difteienie between the sum nl the total anions and 
the haidness ol the watei Ihis maintains the elettiiLjl neulialiU ol the ssslein 
(II ammonia is delennined. it should be lepoiled as the latirin, and the sodium 
ennient deter mined b\ the Hifleieme reduied atioidirifrlY ) 

A romenient melhod lor convening one arial>riinl luiin lo aiiothei is shown 
in fable 4 2 In this hturk, niiiicniiatioris will noimall\ lie expiessed in mg/l 
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TABLE 4.2 Calcium Curbonoto (CoCOi) Equlvalont of Common Subatancai 
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1 iIlIIIIII I llllllllll 
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TABLE 4.2 Caloluin Carbonate (CaCOJ Equlvalanl of Common Subatencap |Conflfni#ad) 
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WASTE WATER ANALYSES 

VVjsic \%dlris iisiiallv loriltiiii j iiiiiiiIhi nf urns thal inax rini hr sliiiwn in I his 
ilUistialinn ( iiiii|j<isilioii rlcpriiHs nii ilu kiiiilnl |ilarn npi lalinns iliioii^h wlnih 
llir watrr has passerl hrfiiii (h'c r>iiiiiii> waslt I m i xaniplc luai\ iticlals siiih ,is 
/iiiL duel I nppei max be pirsriil in iht wasir hriin plainly npi i atiniis, ihiiimalc 
may bc^ pirscnt as an ainoii in the bloxxiUiwii tiom tvapnialixi tiNilifij;; sxsuins 
Huoriclr max br pirsrnt as an aiiinii oi an liiiinini (iimplrx in waslr vxalri linin 
glass nianubiLtinJiig 

Frobablv I he mnsi f unrlaniL'iilal loncrpl in ihr apptuaih In uiiilrisiantling 
waU'i (hrtriisitx is ihi acichlx-alkalniiix rHationship [he liisi sirp in giaspiiig 
ihis is an inulrisianriinf' ul ihr dissnilaliun nl thr xxalri mnlrnik* itsrli inln 
hvtlingrn inns and hxilinwl inns, acini ding li> ripialinn 

+ on (J) 

K = [W] X [OH I -- 10 *■* 

(For ihc sake of simplinlv, this book will use the liydiiigeri inn, FP, while 
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1 ccngiii^iiig tlidi It ditually exists in a hyilfaled lorm, the hyrlnHiiunn ton— 

H.OM 

The pH Notation 

Since the (lissfuiaiiuii (mistLinl is so sciy small, 10 'V at iieulialily ViheicMhereare 
the same nunihei i>l hsriiiigeii and h\di(i\\I ions llieic are onls 10 ^ moles pei 
litei ol eaih 1 his is equal in onlv 10 ^ niilliinoles pei hlei, cmlespondiiig to an 
actual toutenLialinn ol onh 0 0001 iiig/l 11^ ion. eqiiixalenl lo 0 OO'i mg/l as 
Ca(X)| Because we aie dealing uilh such small luiiiibeis in the ihssorlalioii ni 
uatci inlij Its ions, it is moie conxenieni in suhslilute an C'xpi ession iinolMtiglhc 
pouei ol 10 Mils expiession is defined as pif, in which ihe lelalionship is 

pH - li)K = - ■*>« IH M 

I hi liissoiiiiiion ciiiisiaiii. k, changes wilh li‘iiipi ialciie, anil ihis imisl Ik* 
laketi inlo ail oiiiil 111 iiiUipi eling dala inxnlving II * aiulCJII ions toi example, 
mans walei luatmeni fqKialiniis ait tamed mil al high lenqiLialiii es, and 
samplis liniii ihi ssslLiii .ii l iisualK icHileil piioi In analysis Ihe ami Oil 
1 oni eiitiiilions mcMsiii ed on I lit tooled sample. c \en tin High diOeieiil ttniii ihose 
111 ihe h(»i svsiem, aic usii.dly used foi loiiiiol piiiposes Bui a physical iheiiiisl 
needing lo know llii cniidilions pieiailing m ihe lioi system must use the dis- 
smialioii iniisiaiU Ini llic leiii|iei.itiiie in that system 

I he hy di ogi n ion i mu i niiation i an be iiuasin ed with a pi I men*! It can also 
III titi and (sec glossal when the c nut eiUiation bet ninths laige t'nough to be 
di tec table by c hi niii al aii.ih sis Sime|i]l is a log.iiithmii liiiulion, the liydingcn 
lon c oiueiili.uion iiuic.ises by a lacliii rd 10 foi t*a« h unit ol pll lerhiLlioii 

V\ hen till pll di ops below appioxiinatcly "i, iht* liyrJiogeii ion begins to leath 
nig/l lesels, coiu i iitiated i nocigli lo be deteimined h\ iiliation, using the loiietl 
oig.imi dvt unlitatoi Iht iht*niital mdicatoi oiiginally selected hy the walei 
(heiiiist loi Mils pill pose w.is iiierliyl mange chtiiiging tuloi .it pll 4 2-1 4 Mie 
coloi change rd this indiiatoi wassosubilc -orange* on the alkaline side to salmon 
]>iiik on flu acid side—ili.il lesi.iichcis looked loi a siihsiiiciri* lo gne .i mine 
pioiiiuLiM ed I iiloi change I lit iitii lluy di*yc'lopetl piodnces .i blue t oloi on the 
alkaline side .iiid led on ihi acid side, wiili giay al llic eiul|>oinl tyen lliiiugb 
tins sjic*iial iiiiliiaioi lias upl.itid meiliyl mangi the wati'i ihemisl siill drlines 
alkalinily as iiiithyl oiaiigc* alkalniiiy ( M" alkalinity) wliiili exists .dniye die 
appioximaii pll laiigi* rd 12 11 ' M* (nidth is stiotig imneial .iiidiiy which 
exists below tins pM laiigc \n appioxim.iti* ii*lalionshqi bc*twi‘eii pll yaliie and 
mineial lUiflily is shown in I able 4 1 

I be measLiie ol pll llien, by a pH metei (oi by a suitable* tolmmu'tiii com- 
p<iialoi) tan be yen yaliiablc in rlelrimining the hydingen ami hycliox\l ion 
Loiiieiitialions in llie pll laiige aboye 12-44 II i.in also be used below this pll 
in the aliseiite ol icMgenls ioi peiloiming an actual (iiidiiy lilialion 


USE OF METER FOR [OH ] 

Because the dissociation conslaiii ol walei is appiiiximately 10 ami pH has 
bc*eii defined as -log [H^J, the liydioxyl ion ioiurnttarioii can aUo Ik dctei- 
mineil bv a pll iiieli*i since ilu* following rcdaliimships hedd. 

pOH - 14 - pH 

pOH “ log 


[OH I 



4-6 Th# NALCO Wal6r 


TABLE 4.3 Mlfiaral Addlty* vt. 
pH 


11 ^ nifjr/l JS ( d( 0| 

pH 


4 8 

t-fj 

4 D 

h-7 

8 M 

8 4 

\ 8 

ID IJ 

'I 7 

I2-I ^ 

\ ti 

M-Ki 

^ -i 

17 LUI 

1 1 


S T 

2h ^0 

1 2 

n 4D 

^ 1 

11 'lO 

^ 1) 


** Miii(*idl aiiilil\ IS ihi prestnii' iii H'* iiiii iii in^/l i run i ntialirnis 


\s the pll Ilf a vsaU'i is uiLicaseil anil rxirtriis ahmit K, a nuMsui.ihli 

(onci-nliation cii hvciitixvl mns begins in appeal 1 he hxciiowl alkaliinh (caiisln 
ni OH alkaliiiih) lan he deleiniineil eilhei b\ usin^ a pll niriLi (in lln ii|lu\.i 
lenl in a iijliiriiiictiii iniiipaialrn) rit h\ iiiialinn 1 hi ielauiiiislnp liLiutcii 
hvcl^flx^l alkahiiit\ and pll is shins ii in I able 4 4 

An undeisianding of ibese iiiiuepis is iieiessais hi ])lii ifusi aiirlils-alkalinils 
lelaiiiinships into perspec ti\e In the theiiieliial i lieiiiisi. a pi I ol 7 is i oiisidi 11 d 
neutral, in ihr watei ihemist, a pll of 7 111 ilself ineaiis sen Imli lit inusi also 
know how iiiiiih uilal alkalinity and how niufli free oi uiniliined ( O mas Ih* 
present lot ihe walei rhemisi, then, ihi disiditi^ pnini biiwem aiidiis ami 
alkalinity is not pll 7 0, but rathet the Af alkaliiiily tndpoiiil, loi iespoiirliiK* 
to a pH 111 appinxiiiialely \ 1 

The walei ihemisl is also triiueined with ‘P’ alkaliniiy (jilumilplilhalLMii 
alkalinity) which exists whin ihe pll is nvci a lange ol 8 \ tonespoiidin^ 

to tlu' lhan^e in plienolphthaU in iiidiLaloi lioin ti loloilcss triiiditioii below 
K 2 til pink OI leil above 8 4 In iiiiisi natuial walei supplies, the pH is less llian 
H 2, so theie is no “P" alkaliniiy Vei\ few natuial wateis have a pH Im4iiw aboul 
5 0, so It is seldom that stioiig mincial anils die lound in fiisli warci 1 he pll 
laii^e between the ‘AP endpoint and the "P'’ endpninl defines the alkaline 


TABLE 4.4 Cauatlc Allullnity 
va. pH 


inf^/l as ( at ()| 

pll 

2-1 

0 7 

l-'i 

10 0 

h 7 

10 J 

H-tJ 

■ Q 

10-n 

B |H 

12-11 

B Vj 

14- Ifi 

B lu 

17-20 

10 h 

21-25 

lU 7 

2h-10 

10 8 

,11-40 

10 0 

41-50 

11 0 
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inn^p ulirre bitarhoridlc alkalinity exists and weak acids inav be present, die 
rnnsi piciminent til which is carbntiu acid—cat bun dioxide in suliiUrjii 


THE IMPORTANCE OF CO, 

The atninspheie is a mixture ol gases containing about N, and 21^4 C), b\ 
vnliiine Hnwcvei, il also includes () 04^A (A)j. extieinely important to the balaiiic 
ol life on the planet (.aihon dioxide is produced b> the iombuslion of lucd 
Fven lieloie man's ailiMiies made a signihiant iontiihution to the (.(), content 
ol the atin(is|)liLMt‘, the lespiiatinn ol animal life—isliiih is also a luci loiisummg 
piiicess—iiiiiodui ed (.C), iiitn the an Plants Loniammg ililoioplivll iitili/e 
L.ifbon dioxide m building lellnlai iiiateiial such as laiboincliaies 1 liis i('action 
IS called pholos>iiihesis because photons ol eiieig) Iroiii the sun ate ni'eded 
loi ihe leaition 


h( (), f bH,()- (tdl,())h ^ h(h (2) 

Ol ChHijOf, (glue use)-f lit'), 

I be ihloiopinll catalwes the icMition betwe^en v\alei and (d), Since the 
solubilits ol ( ()> 111 walei is less ibaii 2000 iiig/I at ambient an ternpc'iatiiies m 
a ( () salinated ainiosphei e. at tin iioimal alinosplieni le\C‘l ol 0 OIS ( (>_* less 
ibaii I iiig/l ( t), dissoKes in lain uarci Howesei, oiuc the laiii uatei |jeiieliates 
llu mantle id sod, ii is ev|iostd to I (), gas levels a huiidrerllold greater lhan in 
ihi atmosphere, ciealed b\ the lespiialinn ol sod Digamsins as ihev conserl 
org.inu lood inio its proiluris ol i Dinbusiion V\ell ualeis, then, s\hich have 
|M icolalcd lliioLigli tins C () -luh /one mas lonl.im liom tem to seveial himdird 
nig/1 dissolved ( (). 

W hen ( (), dissiibes in wall i, il icaits uilli ualei Id loiin i aibonii and, uhiili 
ilissoLlilies into llu livdiogen luii and the bicaiboiuite ion acioiciiiig to the 
1 1 ai lion 

(t).+ H,C) ^ 11.(0, ^ H4IIC(), (W) 

II dislillc'fl uairi is lompleielv salinated \Mtli (.(),, ap})! oxiiiialeb IbOO nig/1 
dissohe 111 iliewalei, and ihe pfi is dec leased lo appioximalelv 4 I he ec|ni\aleiit 
aiiioiiiil d1 a sli oiig acid like H .SO, wiiiilil den east the pH in aboiil 2 ’i, illusliat- 
ing ihe weak cli.iiailLi ol t.nhoiiii .tud 


THE SOURCE OF ALKALINITY 

1 111 ' alkalinilv ol niosi iialuial ivalii sn|iplies is i.iusc'd bv dissolved biiaibnnaie 
(IK O, ) salts I he Inllowing ecpialions slum lio\s Wiilc'i iDiitaining ( O, limn the 
atniosplieie .ind linin lespiiaiioii ol soil oiganisms dissolves magiiesiuin and 
calcium fioiii a common nimeial, diiloniile (t^aC O, Mg( (),) to pi mime hard¬ 
ness and alkahiulv in gioiind water 

11,0 + ( O, + Mg(.0, — Mg(MC,0,), — + 2(H(.On ) (4) 

H,0-f (,0, + (laCO, (.aClICOda ^ (-a^" + 2(M(.0, ) (5) 

In llie pH range* ol I 4-8 2, lliere lenidiiis a hakiiue between i*xiess ( O, and 
hicaibon.ite ions which is measiiied b> pH value as shown in l^iguie I 1 

Hus sliows that a walei imilammg 1 mg/l C^Oj and 10 mg/l alkalmil) has the 
same pH as one containing 10 mg/l 1,0, and 100 mg/l alkaliiiil> In the Inst case, 
the addition ol I nig/l (X), would pioduce a large change in pH, wlieieas in the 
second case, the same 1 mg/l (^O*, aililiticin would not piiiduce a notireahle 
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Both OOj and Afkalmily as CaCO. 

COj as OOi X 1 14 « OOj as CaCO. 



Flgiira 4.1 AppriixiiiMif iLlaiHniship i>f lailMHi ilmx 
idr, .i1kalinii>, and pll \akii 


changt^ J he alkalinm inoclciaies r)i "huHeis llu pfl L]i.ini;L, .mil .ilk.iliiiiu is 
knimii as a hiifler 

Walei attacks and dissnlsrs mam nthei iniiiuials (nnn iIk Inhnsplii 11 in .iilili 
timi In dnlnmile Figure 1 2 slums the disliilnjlion cd ihi tieiiuiits in rlu F.jitli s 
trust 1 he three must |iininiiieiii an pieseiil in ihe hum nl nxidis SiO., \1 (), 
and Fcj(){ sshiih aio ntils \ei\ slightU snliihlr in walci 1 lit ni \i must luin 
mmi elemenis, Ljhiiini, sodium puiassitim, .mil magnesium aie seen lo hi llu 
most piiimmeni lalioiis piesciil m niosi liesh \salei supplies ,is illiisli aleil h\ I hi 
scseial svaler aiiahses iiuliirltd iii ihis anil eailiei th.ipliis 


COr/HCOi DISTRIBUTION 

Most iiaiiiial w.ileis LOiitaiii hit aihtjualc alkaliml\ .iiirl .iit .ii a pll less lli.in 
alKYUt H 2 H 1 \lir>\L' this pll, C () itMsi s lu exist in iiuasuialik i|naiilitiLS and 
the larbonate icm begins in make itself known Iht eipiilihiium leailiun is as 
follows 

IK (), ( (), - + H (h) 


Aluminum 7 3% 



Rgun 4.2 Di^tnbutinn nl L'lements iii the earth's 
t rust 
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Flgura 4 3 VdiMtuin nt ilii 
I iilMiridti/liiiaihnii lit inn clislii 

liiiuiiii Willi I'H 


Approximale pH 



0 70 40 60 80 100 

CO as "d of lotal Alkalinity 
100 BO BO 40 20 0 

HCO as-D ol lolal Alkalinity 


M iin liiiu tic lUil w.iiLis liaxL a })ll ahiivi iht pliLiiolpliili.iliiii t*ndpiiint— 
ill il IS llio I Dili nil P ilk iliiiiix III iliL tan^L ol pFl H <10 ilit hiiaibniialtr 
iiul iaibiiii lU inns ( \isi lni>Lilui in tin ibsiiiK nl incasuiabh laibiin dinxuli 
Ol h>dio\>l inns Iht tlisiiibiiiinii bcruun tlu caibniiatt and bitailxiiijlc inns 
laiibc diu I iiiiiuil appinxini lUlv In tlu i c lalinnships slnmn in 1 i^urc. M Ihtv 
lan ilsn be tab iilalt d alu r mcasuiiiiir P and M alkaliniliLs ai inidin^ tn the 
lnlJnv%iii^ if|iialinns 

f ()i 2 y P 

H( C), - \I 

1 he dislnbulinii ni til fniiiis id ( () iclaU d iiiiis is shown bv 1 i^uie 4 1 In ihis 
(i>>iiu 1iil(() is ( O ^ is 11(0, IS lilt 11 id In as haltluninil ( O and ( (), 
as biuinrl ( () 


Fraction of 
Total Carbon Dioxide 



d > cor or bound COi 
b > HCO, or hair bound CO, 
C* H,CO orCO, naa 




pH Value 
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0 1 2 3 4 5 6 7 a R 10 11 1? H 14 


pH 

Figure 4.5 Xmlitx ami \aimiis ivpts nt ilk ilium mil ihtii pH i in^i s 

\s th( ])ll iiuitasts ahnvL R (i ihc li\ilinx\l alLiliiiilv Ikidiius iiu isiii tliU 
lls uiiici iHialiuii (fin hi fklLiiniiud liv pH I 1 U li I as sli(n\n in lahli 1 1 ni llu 
(lisiiihiiliriri IxtULiii (aihnnali aiul Inilinwl i in hi (aUiilfilMl is fnllnws 

C()*-J(\l P) 

OH -2P M 
H( O, O 

lliesi au VLi\ iiMiiil appinxirnaiinns fin iiiUipiitiii^ iiinsi viiui anahsis 
llu >aiimis uplines nl aiiilil\ nid alkaliniu iii illiisii.itiil li\ lii>iiu \ "} 

11 

10 
9 
B 
/ 

B 

5 


4 
3 
2 

0 10 20 30 40 50 60 

ppm H 2 SO 4 added 

Figure 4.6 Niutiali/aiion ul alkaliiit watii null ILSOi (assumi 
nif^/l Ni alkaliriiiy) 
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Figure 4.7 l ,il t), soIliIjiIhx m 
hill ami f iilfl svsiL ms — (‘iiipiiiial 
ihtl.i Ij.iSLfl nil hO-HII iiiituili s 
i(.iciifiii iiiui aiiil stuliii^ null 


Calcium 
mg/I B8 GaOO, 



INTERFERING IONS 

I lirsi .ip|)i nviiiiiUiiiiis ai( suli|iil in sniiii inti 1 1 imii r s, cspri lalh in inn- 
l.iinin.iu [I u.iuis C ninninii iiiU i li i cMit rs aii l annnniiia, aiirl alk.iliiir aiunns 
nilm tliaii laihnn.tlr anil biiathnnalL siiili .is sulfiili |)hi)S])]iau, anil hniaie 
I lirsr r .111(1 M IL laliniisliips ha\L a Iniij^; liistni\ nf usi in u.iLl'I ittaliiiriil 
Mdst plain clal.i irl.Uiii^ (n il*sii1is nl linir snlinniig, Ini c\anipk‘, aiu liasiMi on 
ilusi (niiM lilt 111 (all ultiliiins Mit> (i.ui thru hisinn in tiiialinn iiii\es nf 
\a ( C)i .mil \,i()H .nUIrrl in^xalii .mil in iiliali/i d with aiirl Ji^niL I () 

Musi u laliniiships air iinl iniiMsIriii, hiu\r\t‘i. uilh llir tlu'iii rlii al ilisliibn- 
linn liiiwirii H( (){ ' anil ( ()| ^ hast rl uii ilissoLialinii iniislanis I ht ihrnirt- 
iial (lisiiihniiiin liclurrii tlirsi* inns. Il^lllr f I, niiliiairs that .n a |)H as In^h 
as 10 1 Ini f‘\amph , ulirir (III .ilk.iliiiiu is .ibniil 10 rin>/l as ( a( (){. ihrir 
ail Lijiial ijiiaiitiliLs nl IK ()« ' and ( ()| ^ piisriil 

Mllinii^li nil niisislrnl >Mih iliis pli\su.il (Iumiiisii\ lliriit\, in draliii^ with 
irsiills nl Imu'snliiMiin |4 wluu pH rxirrils 10 and alk.iliiiiK is Irss than "lO in^/1, 
ihis blink iisrs dii P .md M 11 laliniishi|)s as a i nn\rniL'iii r ami briansc sn niLich 
hulil ilala ha\i brt'ii dr\rlnpril iinin ihriii Ibis piaincL* iriiils ui innstau* 
laibniiali alk.iliniis buLause ii mdiialfs nn IK.Oj ' alkahnii\ rxists in ihr ptes- 
L’lur nl ()M ' 1 ni rxanipU. ai M - Ml ni^d and I’ - ii’i iii(>/l, C.O, ^ = Ml nip/1 
at pH 0 M (lM|TUir 4 Si, linwrsri, I ij*iii r 4 1 shnws C.()| “ In be onl\ 2 nl tnial 
alkalmit\, ni 12 *1 iii^/l al fil-l Oh I his aLinuiits Ini patl nl tlir disiiepanis 
iibsnxtd bi'iwren theniriiial C a( snhibilils and that ailnalh aihiexrd in 
piaitiLi b\ liiiu* snhrnmi; where the irsulis air iniripirted finm the P and M 
1 rlaliniiships 

? xammaiinti nl ihrse .uidit\ alkalmin i rlatmiiships in wain irveals lhal ihr 
snhlblllt^ nl minrials siiiii as i.iliiiiin laibniiatr and nia^iiesiiim Inrlinxidr is 
iiinir ii)inpli(alrd to pirdiit than the snhibiht\ pindutl inruepl sngp;esls I nr 
exaniplr, in thr tasr nl lahiuin piriipilalnif> lioni wain as laliiiini larbonatr. 
It IS nnw a])pa]cnl lhal lline air niiinrinus ri]iiilibiiiim i cat lions rHruiiing m 
the watri, .iflrtliiif; ihr inlnpiriatinii nl simple themic al riaia Pin ihat irasnn, 
wain ihrinisls iisualb irl> nn rnipinial data based nn irporlrd plant rxpni- 
rnies in rsliiii.ile irsiills nl a pi ri ipitatinn i rat lion. 

PifTiiie \ 7 shows riata grnnalb used bn pirdiitiii)* lainnm lailnmalr siilii- 
bilil), sprtifically lelatrd in piriipilalion m a limr-snilrning npriatinii. Ihr 
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Figure 4.0 C nJii Jimi 

of stw.t^L (uppLi iwi) III!vis) 
inni|MTf-ii iti iiniK fiiil.iiiiiiiiiltcl 

wait I 


CartxmalB AINallnity as CaOO, mg/l 
(Calculated From 2 (M P) 


clifieicnii' in ii'siilts luMwreii Uni pi mi ns (.ilimt appi iixuiicili Iv (lOf^C ) 

anil told priHCSs (iimi uairi tenipeiatiiics) is lonsidrtahlv ImmmkI wIijI wnulil 
be picdiiieil U\ simplt' snlubilil\ il.ila \ihuli slinw a ileiiiase nl unlv ahniit 
2 riifr/l siilubililv al llie lii^hei li'inpciaiiiii I he iinpiii«al iinipiTaiuu eHeil 
must be iaiis<'(t bs other lac lots siiih as lalc nl iiaMuiii (which as .i luh ol 
thumb, doubles hii eaih IM’t (!()''( ) ieiii|}c laiiiii iiuuasi) tiu naiuii ol tin 
ii>Malliiit ot aminphoiis pirtipilali and (hi |)ossihk i III it ol loa^nlatin^ 
oif^aniL inaienals at hi^hei li inpeialiii i 
As an example ot this, in cold liitu sotfennif; id iniimiipal sewat;i iisnlual 
calcium laihonaie is iiivaii.ibK In^jfiei lhaii wIilii iIu* saini pimcss is ust rl in 
the lieatmeiil ol iiesh wain 1 Ins is ilhisiiatid m li^nii 4 is H, hownti ihi 
M'wa^e IS hcMted ahoM ap]nr)Minatil\ (71 ( ) iIilii 11 suits o.ii h thosi 

ac.hie\ed ni tiesh wain 


EFFECTS OF IMPURITIES 

It nia^nesiuiii is pieiijuiatcd with laliiiim cailionalc tin iisulual i.iluum in 
solution mav Im iiicuMsed I hi iiuliisirni id nihei iiiipinnits, sui h as siioiiiiuni 
has also been shown lr« inn east the sohibiliiv <d lakiiim carbonali It would 
seem, thin thai tinpnical data tiom a \aiul\ oi plains should In iistd lauiiousK 
in esiiniatiinr what to expect in a n situation, il iIil laliulalioii nnolMS liiiu 
trealrnenl cd an unknown watci supph and llu ionlaiiimation li\ils an not 
fulls dehned, theie is no snhsiiluli loi an aLiual hrnih list lo diuimim 
the I espouse of ihal waten to lime trcMtini'nl 

Magnesium soluhiliis is as rlifliciilt lo pierlni with aciiiiais as Laluiini solo 
bililv, and lot the same* ^eneial leasoiis 1 he sohihilils of iiiai<iu'siiini li\dioxide 
IS repotted to he m the laiipe ol ‘U) 40 at 77”l ) Heiause ol the dil 

leieiiiein soluhiliis piodiut lelalionsliips, 

- [C a'^J y [( ih "1 Ku. " [V1 k'*I X [Oil |^ 

magnesium comenlialion is allecled more li\ changes in lisdiowl conienita 
non than calcium is h\ changes m larbonate conceiiLiation An\ nulease in 
Laiboridte piodini's a loiiespcmiiniK dec lease in lakiiini, but an iiu lease in 
hydrowl lonieiitialioii afleils the ina^^iiesiurn roiucniiiKioii m a sipiaiecl 
relationship 1 bus a doubling of Oil will cause Mg*** to iliop lo une-fouith 
Its oiiginal value 
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Whrn water is siifteneri with lime—in the pH range of 9 'i-10 'r—magnesium 
pieiipiidies as (he hydioxidL and the picripitaie is |M)sUively thaiged In the 
same pH laiige, ( aC^Of preiipitaie is negatively ihaiged Puithermoie, silica 
ill ilu system is usually piistill as a slioiig, ncgativelv-Lhaiged (nllnid Sodium 
aliiiiiiiialt niav be iiilrodured in iht svsltiii as a sdnug aniDiiiL inrnplex All 
ol this may <jrroiiiil foj ilic in pnijpjiatioj] ol inagiitsjiiin ujth calriiini the 
strong adsoijrljoij of siJjlj dii Vfgf()II)j pieiipilafi aiiil thi lim itsiduaJ 
niagiiLsuiiii often aiiiitscil b> iJii iifairiiciit of uatii with sfirliuiii aliiriiiiiatt 
iti addition in linu 

111 (oii\( lUioiial suite iiiiig opciations thin, it is usual to sliuvs I hat him deal 
mini ul litsli isaUi |)iodiULS a ( at ()| snluliilitv ol appioxiinalLlv Vi iiig/l cold 
and nig/l hoi and a lesiilual niiigni sunn livriioxidt sniiihilitv ul appioxi 
iiidtLh iiig/l Liilfl anil tng/l hot 

( alcuiin catbiinak anrl in.igiic siiiiii livilroxirlt an prciipitalcd in iht lime 
sutii niiig opi.iiioii lio\M\ti tiusc tan also piLLipiiatL lioin the unstable 
uau I—lhat is a wan i (oiitainiiig ihest man nals m a siipci sal mated tondUioii— 
il anv thing is ilniu in tin sssdin to iipsii ilu i i|iiilibi iinii Tins i ould lx. an 
iiuiiasi in uiiipilaluii a rUciiasc in pussuu luihiilenit nr (onlact willi 
siiilaiis wliuli scid ilu ilitmital pi tiipilalinn Ilu must ffiiiiinnii piuduci ul 
msi.ibililv nl licsli waUi is t t( C), in st.i wain tlu usual preiipilalL is 
Vfg(()ll) Ul niu nl Us lumphx raibniiau livdiuxick sails 


THE MARBLE TEST 

\ Willi 1 1111 In In (\iliiiiirl Ini its C i( D) siabiJilv b\ Ie sling ni bv lluuiiliLal 
i ill 111 111(111 liniii kiiuwii flail Ilu Maiblc lisl allliungh niii i i]iu nll\ used Ini 
iniitiol pin pnsi s is i Viilutibk u st in ilkisd itc ilu piiiiiipits nf (aluiini cai 
bnnili siabiliiv It in iinsiahk waUi is siipt isaliiiali d llitn tlu afklilioii uf 
Jimlv pnwdiud maibk (( iC ()|) to i sunpk uf tlu want should liiusc fahiuin 
( iilioiiait III piiripiliii and (oal ilu inaibk Ilu cflcil is iiUiisiiud by a tc 
dm don in bolli tlu hitdiKss tnd alk.ihiiilv oi ilu waiei intasuiiii aftei the 
siispi iisuiii h IS SI lilt il and tlu wUii has In c ii lillci l d IIuk is dsn a ikncast 
111 ]iH nl ilu inaihJi iniilailid want wliuh is said in lia\c a pnsitivt saliiialioii 
iiuk \ 

On ilu nilif 1 hinrl il ilu walci sinipk is iiiukisaiuiaud with it sped to 
( a( O,—iliai IS il It is 111 aggicssivt mnosivt walti—tlun sonu ni the (me 
iiitiibk iirldc d tn the Stiin|]U dissnkis iiu leasing tlu liatrliuss alkalinily and 
pH 1 Ins waiii is Siiiil In have ii ni garni satLii.ilion index 

Uniking with tlu C aC 0 | l qiiihbiiiiin valiics iiuoipnialing the cIissim laiinn 
kiilnislni 1 ai bniiu ai id huaihnn.ili and cai boiiali and basi d nil tlu llieoiilual 
siiliibililv nl ( .i( ()| ill iliHciiiil II nipt 1 aluK s as aHLiltd by w.itci Siiliiiiiv, 
[.ingilici devtlnptd a iiullmd fni piidicting the. saliiiatinii pH (lalkil plU) 
ni any watiM If ilu «utual pM ol the walci is below llic taJiiilalcd kvcl (pHs) 
till watii lias a lugativc laiigtlui liiilcx and will dissnlvt Ca(()| ibis is 
giTUiallv also inlitpitiEd in mdicatt tlial ilu wain may bt iniru^ivt in steel 
if uxygtn IS piiscnl If the nuasintd pH txietds plk. iHl 1 angeliei Index is 
pnsilnt and being supeiSiiliiiatc'd witli ( a( Oi the water is liktiv to fni in stale 
The gi taler the tkvialinri ul atlual pH ft uni plk ihe innii pinriniinied is iht 
insiabilitv Ihe sadiiadnn pH and tlu langelin Inikx can ht deuimined 
lioni a walei analysis by Teleiiiut in 1 igutt A 9 


I angeliei Index “ pH - pik 
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Ca Hardness, mg/I as CaCOj pH Value at Saturation (pHJ 


EXAMPLE; 

Raw Water Calcium 

Alkalinity 

pH 

Temperature 
From Chart: pH, 
Langelier Index 


240 mg/I 
190 mg/I 
68 
70”F 
73 


60—73= 


—05 


Figure 4.9 Dflt'rmiiialicin nl pH, and Laiigi'Iirr liirk-v Imhii 1i.ii iIiu-ss, alk«iliiiit\, .iiirl 
l[*nipi-iaiUTi‘ 


THE RYZNAR INDEX 

Based im studies of ie|Miiied i uiidilicms n( sr.iliti^ and cniinsiiiii in a vaiiel\ nl 
inuniiipal sysicms, Ryriiar niodihed the Lan^elicr Index in mure luliably 
predirt the likelihoud of stale Inrmiiig ni corrosion ofcutim^, baserl on pti 
and pHjr, usin^ his Slahiliu Index. 

Slahility Index (SI) =- 2pII* — pH 

In usiri^ this index, a watei is cnnsideied lo he corrosive when die Stahilily 
Index exceeds approximately 6.0 and to be siule-loriTiini? when the index is less 
than 6.0. 

The Langcliei Index has Ix^n inodllied b) Still and Davis ioi oil held brines, 
where Ihc high salinily allecis ionic strength and innueiuc's (^a(X)| soluhiliiy. 
This Index is: 

SDI = pll-pt:a- pAlk- K 
where pH is used a.s measured, 

pCa = log l/[CaJ 
pAlk = log l/[Alk] 

K = mnstant based on total ion it strength and lemperature 






of Water AnalyaoB 0-1S 


TABLE 4.5 Calculatloii Of Total Ionic Bliongih 

1. ('.alrulalL- all iuns in mf^/l a.s (laCOa- 

2. Multiply mmiovalenl inns hy I x 10'^ and divalent inns by 2 x 10 ^ 

3. Add the sum d1 laL'inred ions to determine total iunic strength, p, 

(all ions in mg/1 as (^aCOg) Kxample: 


Ca 

900 

x 

X 

10-*) = 1800 X 

10* 

Mg 

1200 

X (2 X 

10 ») 2400 X 

10 * 

Na 

1 H.'ton 

X (1 X 

10 *) = X 10-* 

IE 

20.600 (inial elecircilyies) 


HC'.Oa 

500 

X (1 X 

10 “) = 500 X 

10 “ 

SO 4 

HOO 

X (2 X 

10 “) ^ 1600 X 

10 “ 

t:i 

19,.‘100 

X (1 X 

10 “) = 19.300 X 

10 “ 


Iniiu strength, p. — 44,100 x 10 - 0.44 


limit' strength of the solution is lalculatcd as in lable 4..5; K is then calculated 
from tLMnprraiurr using Figure 4.10; pCa and pAlk are iiblainrri by reference 
to Figure 4.1 I. 

Such data developed lor oil held brine may become useful in wastewater 
applications such as tieatment nl opc'ii recirculating ctmling water systems fnr 
zero di.scharge. Similai indexes have been developed Tor other CDiiiiiiouly- 
oiiurring minerals ilejxisitmg in distribution systems ami heal exchangers. 
Noiahle among these indexes are iliose lor raliiiim phosphate and magnesium 
liydf oxide. Fhese are ol iiiiirli more limited value to the water chemist than the 
f^ngelier Index or the Ryznar Index, rhiclly because of the variety of com¬ 
plexes whiih form and the diflcrent scilubilily values for eacfi r>f the complexes 
involved in the system. 

The efiect of ionic strength is very proiiiiiiiiced in the iliu.stration of (^aSO^ 
solubilitv in a c oiueiitratiiig recirculating cimlmg waler, shown in Figure 4.12. 
rile predicted solubility ol Ca with irirrea.sing S ()4 con rent rati on is shown by 
iiirve A; actually, the C^a com eiiiialion readies a minimum of about 900 mg/1 
as whiih is maintained even al .SO| com ei it rat ions in excess of 25,000 

niR/l. 


Rgiirv 4.10 Ionic sirengih vs. 
StiO-Davis Index ronsiant at dif- 
ferriit teinpcraiures. 
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Flgura 4.11 Uciemiination ol' pCa and pAlk from 
Loiuiriilrations. 


DISSOLVED GASES 

Further ronsideraiioii iif the Lunn^clier Inilex proviclrs insttui:lii)ri nil ihe 
nature and effects ni gases dissolved in water. Carbon dioxide, lor example, 
dissolves to form carbonic, acid, which ioiii/es lo proiluce and HCH);i ions. 
Other ionizing gases include sulTur dioxiile, hydrogen sulfide, and hydro¬ 
cyanic acid, which form w’eak acitls when dis.solved in water. Because nl this 
effect, the addition oi a strong acid lo water containing these gases will Idrce 
the eijullibriuin lo the left, essentially eliminating the ionized |M)i hon so ihal 
all of tfie gas is in molecular form and free lo escape from the water as gas 
molecules. For example, w'iih (X) 2 : 

CO 2 + H,t) ^ HjCOb + HCO;, (7) 

The addition of H ‘ ions by addition uf H 2 SO 4 would lon e the reaction in the 
left. 


Calcium in Sdution 
mo/I as CaCOj 



SulfatB Concantration, mg/I as CaCOi 
FIgurb 4.12 EfiFecl of ionic strength solubility of 
CaSO^ in a recirculating cooling water. 
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Percent Percent 

Not Ionized aaNH/ 



Figure 4.13 Iiiiii/.111I>II nl aniinniiia in snluiinn ab 
a fliiiii linn nl pH 


On llu nlluM rnd nl ihi* si ak aiiininiii.i, wlnili ilissnivcs anil iniii/rs In 
fill 111 .1 \M elk h.isL* ai( Hilling in thr 

11.0^^ MI^OII == \H/ + OH (H) 

\s npimsiMl In aiirlii ^asrs, wliiih ait* tnii\i*ittil in ihi' ninliiular Inim h\ ihi* 
ailrliunii nf a siinri^ aciiU iii ihis lase ihr aiklilinn nl a slinii^ alkali, miih as 
snrliuiii li\ilin\uli, will Iniii llu uactiiin In llir kdt .iiul piniliiii iiinknulai 
aiiinifiiiia whiih is ilirii fin In i-stapr as a ^as iiinltMulr (Ii^uil 4 D) 

lliciL' ail niluM ^asrs lli.il rlissoKt* in wain, Inil (In iinl iniii/i* Aiiinn^ llifsi* 
aie riw^tn iiiliii^iMi .mil iiirlhaiir llu iiinsi pi niiiiiiriit nf llu'se iii its clleil 
nil waUM s\sU‘ins is nw^iMi It a wain has a iit*^ali\( L.iii^idici link's, (a pnsi- 
liM Si.iliilm linkx) il is i niisiilri imI a^^iissisr and iniinsinii is cxpeilnl Ihis 
rniinsinii hnwi'\n is iisii.ilK laiisnl h\ dissnlsi'd nx^^C 1 l wliiih is Im'l tn allaik 
llu' hair nulal sin laic wlirii ii is writid h\ a wain whiili laiinnl Inim .i pinlri- 
liM i.iliuiiii lailiniiaU film ni stak \ii rxaiiiplr nl ihis is luiulrnsalr iii a 
siram pl.iiil m a li|;hl s^sU'l1l liri nl n\M»rii. plain laihnii si«'rl plpln^ is siu- 
le-ssliills usid In haiidli ihis inndriisalr wilhnni imdiu innnsinii pinlilriiis, if 
nw^rn finds ils wa\ inin llu s^strin lhinu|i;h \al\r ni pump Iraks, ihr inn- 
dcnsali hrinmrs (xlicinrU at^t*irssixr .ind iniinsinn nriuis, unlrss ihr mrial 
(an In pinlrilrd In a lilin-fni min^ innnsinn inliihilin 

MINERALS AND CONDUCTANCE 

An impniiani ionsulriatnin in walci iliriiiisiix is rlriiiiial c niuki(llit* 
hijihrr the minrial iniilriil nl ihr watri. llu hl^hr 1 ils i nriilui livilv this has 
srvrr.il impniiani i niisri|urii( rs Fust, thr hi^hri ihi i iindui li\il\, ihr mnir 
firrh lan rlrifinal iiinrnl llnw lhinu(;h ihr walrr, and thr mnir lapid is the 
(niinsmn lair if nlhn iniidiliniis fasni iniinsinii SrLiind, thr hi^hn ihr tnn- 
duiii\ii\, llu less I nmplrtrlv iniii/rcl air ihr minn.ils dissnkrii in ihr watci 
as ihr inns .iii packed mnir ilnsrK iiii^rlhri and inllidc^ mnir fiL'L|ueiill> 
Ihis drirrasrs ihr aiiivils iiirffiLirnt, iii lirrdnm. iniirasing the snkihilil\ nf 
(.a(.0, and nlhn sli|rhll\ snluhlr inalriials As a lesuil. Ua( ()« is mnir sciluhic 
in sra wain than in ftrsh walrr undn rcjual iniidilinns nl pH. alkalinity, and 
trinprtatui r, as explained in the railier disiussinn nl thr Siilf-Davis Slahility 
Index 




Rgura 4.14 VivliiiiirtiiL driei- 
niiiidlimi srlllrdblc m>Iic1s hi 
InihiiU iciiirs 



Thcie dit' many tatlDrs irnnlvrrl in thr [nrinsiiin pi m ess, i>( whuh pll, cdii 
dmtivuy. Icmpeiatuie. and dissriKcd oxygen ait* usually toirmnsi t)ihti ini 
portant faiiois in tlir iiiirosiriii iiiec lianisin incliiilr tlic piesriuL ol ilissinnlai 
mclals iti the systrin, v\ii:li ihe itioir anniLii heinniiiig loiioftrd aiiii dissiinilai 
itiey in the metalluigiial stiuiliiie of a single metal in the sysleiii \n example 
of this IS /iiif III biass, isheiehy one porlion of tiu metal siiilate, ilii /ini 
ciystals, bctiiniL* diHKlit idaiiye to an a<l)oiiiing lallioflii poilion, the coppei 
All of these uirrosion inethanisms may he magnihed by the pieseiiie ol sus¬ 
pended niattei, parlidilaily if yelocitics aie low and tlu malenal deposits to 
form a lonLeiiliation lell, oi the yeloiities aie exceedingly high anil a loin- 
binalion of erosion and loiiosihii maginlies ihe iiirli\idual effects ol each to 
produce a veiv tapid lalt of attack 

SOLID MATTER 

Solid mallei rKCiiis in mosi waters as suspended solids and colloiilal matiri 
I he I niueriLration of siis|jendrd solids is dele i miiieil by liltiatioii, the Lollecled 
solids on ihe filiei menilnaiie being dried and weighed 1 host suspended 
Milids which are laige and hea\y are tailed setilrahle solids, and these may he 
delcrmined \olurnetiically in a setlliiig nine* as a simple toniiol lest (f iguie 4 1 1), 
or weighed Ihe solids leniaimiig with siipeinalant walc*i al>«>yc the si*tllc*il 
matlei are line, and are callerl tiirhiiiity 

luibidity in water is measured liy the effect ol the fine suspended pailiiles on 
a light lK*am (Piguic* 4 15) laghl-inter feieme anal)liial methods ait‘ classified as 
iiepheliimelriL, and one svstem of luihidily measiiiemeiii use's rieplieloiiit*ii it 
/ufhidily units (N FIT) I he original nephelninc'liii mc^ihod used a siandjidi/ed 
candle, piovirling lesulis in {acksoii luibidiiy IJniis 1 U), naincel lot the man 
who developed the standaid candle Imbiclity standards prepared with fnima- 
/m lor Lomiiaratoi iiilic clelenninalions have given use* to a ihiid luihiclity unit, 
the nil 

Ihe f I LJ IS ineasiiied with a iiansmiitecl light beam, while ihe N111 is mea¬ 
sured by light scalleiing, so there i& no lomparisoii between the two units that 
applies to all waters In the case of turbidity siaridaids piepared finm 525 mesh 
rlialomaieous eailli, a learling of 100 N I U is cquivalnil to ahoiit 40 | 1 IJ 
Colloidal matlei in watei is sometimes beneficial and sometimes harmful. 
Beneficial lollmds are those that provide a dcspeisaiit effect by acting as protec- 
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live ldIIchHs In a susprnsicin ol ilay oi silt in water, ihe smallest partirles usually 
tarry a negative cliaigt If these negative charges are neuriali/ed, the panicles 
arc tnagulatcfl, howevci, if additional negative chaigcs aie intioduced into the 
sysiem delibeialel>, sedimeiitation ina> \h pi evented Sodium silicate probably 
woiks in this way, so irm do some kinds of oiganiL materials in watei, such as 
lignins and tannins whuh ixiin in highly lolniecl watei suuri es Silita in itself 
tan he tnniblcsnmc, foimiriga veiy liaid stall when it deposits on heat Liaiisler 
sill fat IS So adstiihtnls aic iistd for iht rimosal of thest tolloidal malt rials 
lioiii water when thes exited atteplahit com c niiation liinits Manv ol the heavy 
metals aie pitstnl in iolloirl.il (oim and an timoved lioin walti hv roagiila- 
lion, hltiation ailsoipiioii, or a comhinalioii of these 


MANY ORGANICS SOLUBLE 

Whih tannin and lignin aie geiieially piescnt as colloidal suspensions in watti, 
niaii\ oiganu lompouiids an actiialU soliihk in water Ihtre is an astuuiuhiig 
variiiv III oigariit r iiiiipniiiids in waUi pul iluii Irotli h) naluit mil man Ills 
iiniisnal Icn a walti .malvsis to show all nl this organii inattir broken dr>wn 
In iiiiliviilLial niokiiilai coiistiluinis biiausi i>l tin giial vaiiitv If ihe aiial)sl 
should know what ma\ be picstiit (foi example, alk>l Ikii/vI sulfnnaie ifctet- 
gint \HS) 111 ran find il but in tin absinii cil tins kiiiil iii infoimation he 
iiiusi itlv oil a balUrv ol non spciifn lists 1 host tfsis shown in lahli 4 b art 
t Mill 111 I ol t .iiboiiai i nils maleiials bill i aiinol distinguish belwtiii them 
I 111 v in iiasoiiablv simph iiii xpt iisivc contiol me 1 hods Initrpuiation is 
iisiiallv difficult It IS not at all unusual to find an iimcasi in iiiit tisi sin h as 
BOn with a com 111 mil diiriasi in aiioihei list sinh as I IK 

ligiiic 1 1() shows lilt fliMisiiv of ibaiigi in roloi 1 (>( and BOD in the 
llaikinsack Rim i V .iiiiilioiis in loloi 1 ()l arirl COD loi the. Iliidsnn River 
an shown in Figiin 4 17 Finallv labit 4 7 shows an nuiiasi in BOD with a 
dicic.isi 111 ( OD along tlu ( oniitiliiiil Rivii al priigrtssivL dowiislrcain 
sani|)ling stations 

\ gnat ilial ol t\|MiiMnt is nijinitd involving lolhition ol lonsidtiablt 
(lata loi analysis Ki ilicick on ilu sigiiifuaiii lists loi oigaini inatiii foi a given 
w.ilti 111 iliiiint innliol a|ipliiatiiin Soint hi Ip laii be gamed in leiogni/ing 
iliai tin ( OD list iisi 11 iiivobcs a powtifiil oxidi/nig agtiil, (hioiiiii acid, 
tlu n Ion iht ti si is i oiii}iaiabl( to r onibiistioii ol ilii oiganu matter in an 



Figure 4.15 luihuliiv in ihis 
walii sirittiis Iviidall lH.ii]i as il 
passes iliioiigh nil 
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TABLE 4 6 Organic Matter In Water, Nonapodflc Taata 


Itsl 

BOl) 

C( L 

( At 

( C)D 

( iiln 

inoi) 

lOI 


o 

C rpiiSLiinr il 

Siil\ i 111 
t \ll 111 iliJi 

I ()( 


DcsLiiplimi 

BiochemiLal oxygen demand Mtasiiics ilii ibilii\ iif i oniniini hiittiid 
til iligtst III gum matin usuall> in i iiii uhatiun il bv nia 

l\/iiig rltplctiiin nl iix^gcn Ibis iiuasurts biiicli gi iHahli inganii matitt 

tX|llLSStl 1 IS C) 

Carbon-rhloroform extrart Onrnms ulsnibtil iin in irtiviuil c iiImiii 
L aiindiii ait txiiailtd liniii tin i iibnii b\ ililninlni ni llit ixtiiil is 
i^tightd 111 luiihii iiial>/td 

Carbon-alcohol extract Oigiiiics idsnriitii on in iiiix iiid i iiboii [ ii 
liidgt 111 ixtiulcd liiiin llii i ubini bv ttlivl ili rilml ( I Ins is pti 
loiinid dui iliL fhlnrolorm txii nlioii of ihi saiiii inliiinii ) 

Chemiral oxygen demand Mlisihis llit diilii\ ol Imi [Inninii iiirl 
siilutinn III oKirli/i oigjiiK luiiiii Ibis inil\/is hriili biuilL iil ibit 
uid iiiiii bifidi irl ibli (it li iiioix I nig inu niillLi Ivpiisscd is () 

Color Ibis is I iniigli nil isuit of I iniiin lignin mil iilliti liiiinii mil 
It r in still 111 i\ittis mil iirliin ivisits siiib is ki ill pulping is tsu s 
KtpniU il in \PH V tiiiils it I lU d to pi iimiiin si iiirl iid 

Immediate dissolved oxygen demand Mi isntts tin (iiisiiiii ni siiuiig 
itrliiLing in itli i in w isii s whiih uniild hi\t in iniinidiiii illiii in 
itdiiting ibc nxsgtn live I (d itiiivitig slit ims Dctt i iiiiiit d In iin isui 
mg icdiiLlinii m nxigtn It miiutics iliii ililuli >ii id s iinpli with in 

() S 11111 ill fl W 111 I IxpiiSSlll IS f> 

Loss on ignition In tins dt ti nniii iluiii I In im s iinpb is bisi t\ ipn 
I lU d to di MU ss ibi n \M igliLil 1 In solids iit tin n lu ili d hi i dull nil 
ht 11 iiirl itHtightd I lit diHiitiiii in iht luii migliis is loss on igui 
liiin lilt 111 mg sii p bin ns tdi Ol g lint miini bin ii ils iHi i is iiiiiit i i) 
(iimpnsiliiin is iii ibi lilt ikdnun ol i iibnnilis lo nxnit s si ibi loss is 
noi ill or g inn 

Oxygen consumed from permanganate Mi isnits ibi siisi t piibiliiv id 
Ol guilt 111 HIM ill smipli to oxid ilion b\ KMnOj Noi is siioiigb 
oxiib/iiig IS ibioinn lurl Fitiidirl ibi (Ol) iisi mil siill i nstliil 
iiiiiiiollisl Kipoiliil IS O 

Lxtrartables Mtisiiiis ilit ntginii initui iliiiiMi i xii ul ilili lioiii 
v\ ill 1 nsii lib using In \ nil illboiigli ( ( I mil ( IK 1 iii ilso nst rl 

Total organir earbon \It isutis ibi ( O pi iiIuimJ Iioiii rug inns whin 
1 II ilti siinplt IS iloini/i cl mill i i iimhiisiinn i b milu i 1 In (O t (|ui\ 
lit 111 lo ibi ilkiliniiv mil bi itinuiil bisi ii tins i (pin ik in in i\ Ih 
suljitiircd fiiim the tot il ( O lorltuimiiii oigmii iiibnn Kc}ioil(d 
IS ( 


TABLE 4 7 Connecticut RIvar Organic Matter 

(U5G5 Paper 2151) 
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Figure 4.1 B V. II 1.111011 1)1 loloi 
[()( , tiiid HOI) III lilt H.iiktii 
s.ii k Ki\(m 


Units 



.i(|U(‘()iis iiumIiuiii ()ii tills h.i>iis, snini llieoiciii.il iL'latiiiiiships htMurrii iIil* 
sru'i.il iii^.iiiK iiidcMS I an hi rli.iwn, as shown in l.ihir 4 H 

1 iiulini; •! s|)iiili( in i><ini( innli^iiilai sprues in wain iisualK ic(|Uiirs sophis- 
iH.tiLil pi IK L lUii i s and ri|iiipiiiriil and is f>tiiriall\ loor^ptiisiM in ht |usiihrd 
.IS .1 loLiiiiu imitinl, II iiia\ hr rloiii nnl\ loi spriiiu pin poses whnr Invii 
inaltiials iii.n in sLis|)C((rd and thr aniil\sis is rssrnlial loi rn\iinnmnital 
loniiol pill posts Imiii 111 ihis cast, ilii anahsis is usiiallv pritoiiiird on a dail\ 
loiiipnsili, liouiK i^iah sample oi nlhn schrdidrd samples, siiui lonliiiuous 
anahsis is st Idoni pi.niiial 


UNITS 



Figure 4.17 Vari.nion ol loloi, 1 Ol, .mil C 1)1) in itii Hurlson Ron 





TABLE 4 B Oiganlc Moltor In Wninr—Thaorattcnl Rnlntlonnlilpn nl SnvnrnI Indicatora 

1 loul Oi|;ani( C arbon (f CK ) as ( at bon (C ) 

(A) 11 pirsc-nt as a carb4)hydratL (C II ())„ 

I (K X i 5 nrf^anir inaiur 
(b) If piLstnt as i bioniASs* 

rf)( X 2 H — organic main i 

I ChcmiiAl Oxygen Diinand (COD) as 0^1 

(a) If piistTit as Iarbsihvdraii (( H O) 

( Ol) 2 b7 X 1(K 15 O^ 

(b) II piisdii as biomass 

C on 3 b X I(3C IS O^ 

ft) II prcscni IS hyrlrixarboii (—C H 2 ^) 

( OI) 3 i X IOC as O 

) Bioihi mil il Ox>gtii Dfiiitiid (HOD) is O 

(t) II piti'sciii as lailMihsdi iti in biom iss HOD is ippioxini itiK 0 7 0 H ( OI) 
(b) Olhti oiginii miliiMls shim Uiwt r t itios of HOD/( OD is liillnus 


C oni|Mnind 

HOD 

( OD 

RiUo>^ 

(th\l iliohol 

10 15 

2 1 

0 5 0 7 

Buiym iLid 

0 M 

I S 

1) 5 

Ai t laldc hydr 

I 3 

1 H 

0 7 

\f rioiu 

0 5 ] 0 

2 2 

(M 0 I 

tlhyl LlhiT 

0 IM 

2 h 

0 01 

Dit ill iiiolamini 

0 1 

2 1 

0 0 1 

C« isoliiit 

0 OS 

3 5 

0 02 

Bi ii/cni. 

0 0 

3 1 

0 00 


* Ibis I iliii IS I lough inrisiiii of llii ihililv ol bull in In iIi^lsi iIh 
Of game iiiillLi pit sc 111 (birnhgi iilil>ilil>) 

A I dial Oigiiiii \iirnt*iii is N 

(i) II pKstnl 111 liiiniiass \ x 1fi cngiiiii in till i 

* I Of ilg il biinn iss i re I ilioiiship of ( ,11 |0 \ 1* li is Iul n siiggisu il Im l> iili ii il 

milltr till ILI iliriiiship I ,11^0 N 1* li is Ixin iisid Ihisi roiits|xnicl lo i I HO 
rHationsbip ol 1 J "i I iiiil 1 1 I*) 0 I ifsptiuvth roinpinrl lo 1 2 1 li t iiiIioIimIi jIi s 
t I he latio ril C OD/J 0( \ mes lonsidi r-tbU liorn siinph liisamph i viii on i loiniiion 
IS isU sli« Mil Iiniri i snigli pi ml I iguii 4 IH plots ( Of) trill 1 0( on t i hi mu il pi irit 
waste Mlhotigh iht plni shows in iMiigt i ilio f>l H) iiiilisiihitl stniphs i mgt lioiii 
1 to 5 
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FIgurv 4.1 B Rildrionship N. 
iwrf n ( on iincl 1 ()( in ihimital 
plain s Wdsti 



toW carbon mg/l 
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Chapter 5 

Aquatic Biology 


Sutiihsis (Ml uiu iIk* pi 11111)1 rlul latth as a planrt washiil b\ a lii»l mm and 
hailu’ri in an alinnsplu'i i l Diilaiiiiii^ ualin \api)i, aniinoiiia, iiiflliriiif rind 
IimIi nil'll Irstiii^ this ilirnn SlaiiU'> Millri al llir I nninsitv ol (MiUrifrn 
ilupliuikd flii'si* loiidiiions in llu lahciialnn Ih* dislilkMl slm walrr in a spucidl 
appaiaiLis, passi d tin xapni with aininnina, iiirllianr and Indin^cn ihinii^h 
.111 tlrilinal ilisiliai^r al lirf|iirni inirnals, and (onrlciiseil llu ' lain ' In tetiiin 
III llu‘ liniluii; MM walcM V\iihin a ihr mm waiei had tuini'd iiul \iial\sis 
shnwrd llial it loniainiMl aniiiii) .11 ids, \shiih air llu hnildiiii; hliuks nl pmlriii 
siihstaiurs 

Wliriliri lliis is ulial icmIIx liappinrd raih in llir h.iiill's Insiiiix is not 1111- 
pnilanl, llu rxprinnrnl rlcninnslialrd I hat I hr hasii ingirdirnts ul Idr iniild 
ha\t hmi niailr 111 siiinr siuh lasliimi, selling ihr slagc Ini lilr in 1 niiii* into 
I'xisuiur ill llu si a 1 lu saliiu Hinds in iiiiisi li\iii^ ihiiifrs inas lu an iiilu iitaiiLr 
li 1)111 siuli rail\ Ih'^iiiiiiii^s 

Ihrir au hnlli phxsiial anri iliriniial Miiidiiinns that drlnir a liraltli\ rn- 
MiDiiinrni Ini ar|iiali( niI’aiiisiiis \ninii^ llir plusiial lundilinns air Lrnipna- 
linr, pirssnir, osinnlii pirssinr, li)>lu, and liiihiililx 

MODERATE TEMPERATURES PREFERRED 

Ahluiii^h a Iru ni|ranisms laii li\r 111 lint uatri. innsi picln a mndriatc irin- 
prialinr Briaiisr llirir air sii inanv vaiirlirs nl a[|iiaiu lilr, it is iiiipnssihlr in 
l^rnriali/r abniil an nptinuim irmprialurr I01 a heallhx aipiatu rnMiniinirnt 
Ainnn^ haitrna, sniiir piriri uaini uairt, sniiir i nld, and ntliris f^invv hrsi at 
ininnirdialr lrin|>cialuirs (lM|Tiiir 5 1 ) Ihr niajniil\ ol aipiatii i)i|;anisins 
li 4 \r hrininr ritiliinaUMl In thr pir\ailing iaiif>rs nl irinpriaiuirs ol surface 
wains and uiidnj^inuiul ai|ui 1 ris 
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Figure 5.1 AppniximaU' tmi- 
p«*riituiL* r^giniL'*! nl ( nminiiii liHt- 
lerU. 


0 

ID 


Fresh water li.sh popiilalinns are briMclU classril as ^anir I'isli anrl lish 

licpeiuiinfT on prcferciiiT for rolil watei or waiiii wain, respeilively. Thi.s is 
the extent in whiih freiierali/alioiis lan be iiiaiie abrnit water tcmperatuie 
without ioiusifig on spcn'ilu ni gaiiisiiis. 

I'he iiilhienie of pie.ssiiie is also speiilii lot rlifleieiil oi^iUiisnis. Fressiire 
is delermiiietl bv the watei depth, hut the prelerreil ileplh tni an oi^anisrn is 
not always rlirecth reJated In pressure. It m<iv he iiioie closel) relaleil to the 
depth of sunlight |>eiietrtilii)ii. tenipeiature, dissoKeii ox\^eii lonteiil, and 
lithe? fat tors iiulirertiv iiiflueiiied hv depth. 

Osniutu pressure is an important tonsideialion hetause it afleLis the move- 
nienl id water inlii ni Ironi the lell. Osmosis is ihe priH'ess hv whith watei 
niiilecules move through a perinealile menihrane sepaiaiin^ a weak soliilinii 
from a strong solution in a ilirection to dilute the sti onger solution. A cell that 
has leached eLpiilihiiuiii with sea water ma\ riiptuie iM'iause of the iniu.sh 
of w'ater niolerules if it is suddenly exposed to fresh watei. Siiire osmotii 
pressure is infliieiiiecl h\ solution i oneeiitration, the saliiiits of the ai|uatii 
environment is an important lactor foniTolling the biota able to live in that 
environnienl Solutions causing swelling id the i ell aie hspoioiiii; those pro¬ 
ducing shrinkage are hvpeilniiii; and those in ei|inlibiiuiii with the lell fluid 
are isotonit. 

Aiiothe? impoiianl plnsual consnleiation is w'atei liirbidilv. Su.s|M'nfli^d 
solids and tuibidils Jia\e important ionsei|ueni es. iniliiding obstruction ol 
sunlight, blankeiing ol the Ixiiioiii causing a shill in the |>opuiation ol botloin 
organisms, and abiasion oi dogging rd gills and other organs ol larger jc|iiaLii 
.speiie.s. 


THE ROLE OF CHEMISTRY 

The cheniiial natiiie ol the aijiiatii eiivironmeiil pl.ivs a major lole in e.stal>- 
ILshiiig and supporting the aquatic population, hut jnsi as the (heiiiical loncli- 
tions affei'l the hiota, so too do the organisms aHetl then rhemical environnieiil. 

The primary chefnical cnnsiderarioii is food. A tJas.s of organisms eallc'd 
autotrophs, meludJng algae and reriaiii liaclena. are able to synlhrsi/e their 
own food /rom earbcjii dioxide and waiter. J'Jie more rompfex rarbori-roiilaining 
organic matter, such as pedysaet harides, fx;icuries fircid for other rypc*s ol micro¬ 
organisms. Some of lhc.se organic niolerules are ton large to pass through the 
c:ell memhrane. Bacteria have developed a prixe.ss for taking rare of this 
problem: they produre enzymes which break down the large organic molecule 
into smaller components which can then be transported across the cell mem¬ 
brane and used as food (Figure 5 . 2 ). Larger organisms use algae and bacteria as 
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iheir fiHid supply, duel in turn l)e(oiTir the fiKid tnr highei foinis of life 1 his 
progression is known as the food chain 

riiose oiganisnis that feed on algae and other foims of plant life are her¬ 
bivores, those which prey on piolo/oa and laigei animals aie cainivoics 
Some organisms sc*ive a iisidiil putptise in feeding on decaying mattei, these 
aie known as saprophytes 

SIX IMPORTANT ELEMENTS 

III the piiHess of inetalrtilism, all irlls niiisl lepioduct themselves and foiin 
new tellulai mailer I he rnosl lominon elemetiis iei|uiied lor biosynthesis in 
the order of their ociurieine are H, C), N, and S A sixth element, 1 \ is of 
ioiisiileiable impoilance also, especially as il is present in sewage and is Lon- 
sideied a gcNid nulneril loi algae It is also a majoi conipoiieiii of agriiultuial 
lerlili/eis, so it is pieseiit in stinm ruiiofi from farmland flicie is usualU an 
ample supply of II, (), and S m vaiious loims in the watei to eiuouiage 
growth oJ ai|ualii lili' In the deliberate iiilliiie id baiteiia, such as m the bio- 
logiial iligestion piniess Ini uasie lieaiiiienl. iheie mav 1>e nisuHiLient \ and 
r III the water loi lu'allliv growth In rlial case, these elements are added to 
pindute the ratio iepiescmterl by the empiiital foiniulas soiiietmi(*s used to 
lepresetu some of the nia|m constitiutits in pioinplasm, ( iiN.fljhiOnnNibP in 
the case of algae anrl f wil^liiTffnt aeiohii haclena In adiliiioii lo tlie&c 
major iiiiliienis theie aie cniintless imiior iiiitiienls, some of which aie gener¬ 
ally retiLiiied h> almost all oigaiiisins, anil some ol which tie spc'cdu loi leriain 
organisms One example is magnesium it is leijuiied by all oi gainsms for cell 
giowih lint il also has a specific use in the chloiojihyll molecule which is 
iLijuiiicl hv plant file, a seiond is non wIikIi is geneiallv needed in small 
aiiiounls by all cells, liiil is sjic r die ally ric'eded foi the hemogloliiii found m the 
hIcHjd sircMiri ol animals Xqiialic oiganisnis i onientiate diUeieni iiiiiieials in 
diileieni nigaiis of then hndies loi example, the lespiialoty system of the 
sevi ciiinmlMM contains a high coiucnliation ol vanadium the disiiuiiive flavor 
ol scallops is due to llu pieseiici ot coppc'i in its heinoivaiiin analogous lo the 
II on in III moglofnii 

low pll ill walei has a ptimaiv tlleil on aijuatn oiganisnis because ii in¬ 
hibits c' 11 /ymailt activity Some bacleiia can live in acid coiiditioiis, as illiislialed 
by tin baiteiial ailnilv lespoiisibk loi the acidity m loal mine iliainagc Other 
oiganisnis pic^ei alkaline coiidiiioiis and can exist at fanly high pH levels, 
algae lac ed with the iic^ecl loohtain ( O^willbi eak down bitat bundle to cat honalc, m 
the absence ol gas, edten piodiiiinga pll above M Howt-vei, most oiganisms 
seem most toinfoitable m a pH range ol alKnil b "i-K 5 

1 he pif of the ai|u.iiic erivii oiimeiit mav ha\e seioiidaiy, iiidiiect elleits 
Poi exampli, if aiiiinonia is pieseiit, pli dc'leinnnes the ratio of the loin/c'd 



FIgurv 5.2 1 hi cxaii iiiiihaiiisrn bv which cnzyiiits bieak down 

large moieiules is iiiiceriain, hut it i& belli led in lie ielated m a match¬ 
ing ol Jiiolei ular shapes 
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purtinti to the poiiion present as a |;as Sinie nonionized ainmonia may be 
toxic to (citain ai|ualu orKaiiisnis pH can havi an miiireit inlluence on the 
health ol the aqiiatu population 


SOME NEED OXYGEN, OTHERS DON’T 

OxvgLii influenies both muroscopic lilt ami laigci lik ioims The hacttii.i 
that itqiiiie nxvgcii and that pioduic ( () as a h\ piodiul au kiioun as 
acinbii oig.iiiisnis llirist uhuli can livt wiilinui owgtn aic talUrl anaciobts 
Some tailed latultativL oigaiiisms can adapt it) eitlui situation In a detp like 
the owgen at thi siiilait i\ill siippnit aiiobu otganisms anil the iMitioin la>tis 
dexoid of owgen nun siqipoit a population of aiiatiobu bailiiia I In atlinn 
oi aiiatiobu hacitria is called fciiiKiitalion anil tin In pioiliicts nt i iibon 
dioxide intthdiu hviliogm ammonia and h\diogeii sullidt In s>\aiiips 
where iht eoiitmual dccuniulation of dsing vigetation Itads to fiiint niaiion 
ol thi holtuin oiganit luh la\eis tiu prruliiilinn ol iiiithane iiia\ bt suflieuni 
to piodiiiL the jihenoinLnnii known as swamp hit 

In most suilaiL watei thin is a s\inbiolii rclaiuinship iHluttii o\\gcii 
pioducing algae and owgin utili/ini; battciia luiuiiing loiiiilui in slinu 
masses allluiin>li indnidiial tolonits ol each ol tiust muiobis ilso ihint 
scpaiatclv 1 be ainounl ol owgtn piodiuiil In tin ilgu is rlniiiK illiilirl 
by sunlight so the owgcn loiitiiii ol most siiilnt wait is iniii ists dining tin 
day and falls nil at iiiglii 

Iht oxygen coiitem of sin fan waters his a sliong infliitiHC on ihi species 
of fish in llu aqu nil popul ilioii lioiit mil ollui gaini hsh usu illy ili|uii( 
high oxygen It yels and pit It I loyyt r tempi liiliii i s rough hsh suili isinp iiid 
catfish can suiync it owgtn live Is is low is 2 nig I iinl i in ilso lolii iie 
yvfirmer warn 

Mtlioiigh llu pitsiiue of algat may In beiufnuil in the pioiliiilion ol rlis 
solytil oxygen umi iniitli pioilines blooms whiih ni ixtiiiiuly iionlilc sonn 
and can lead to euliophu ilion (slow di nhj of the boily (d w ilii (liguii "i 1 ) 



Hgure 5.3 ^Igat blrMim oeeurs whin phospliiniis nitiiigiii 
aiirl niiLnenis are abunrlaiii Hdttriia feeiling tin the elgdc 
iniiltipl) idpiclly produungdebris dial s|HprK up ilii* LiiLtDphiiii 
lion ptiHcss 
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HYDRAULIC RETENTION TIME (yrs) 

Figure 5.4 Him |ilios|ihiuus allms iuiti>pliii.iiinn ol .1 laLt. as tit u 1 iiiiiii il h\ its 
fTiMjintiiN [(/ifiw \titnmiil Watft ilitnlUy hivtnlrtn tPl 7^ 01 / )) 


Uhrii ha\L iiailiiil iIil- l^ikI iii iIilmi simsdii, iIu> the .inil pirniclr 

«j iiih SDiJiir 1)1 ni^aiiii iiiaU'ii.il Jot haileii.i With an aiiipU Innil siipph, lilt* 
IjcifUii.i iiiiri.tlK ^inu .11 .111 (*\poniMiiial ufl, i diisuiihii^ ilissi)l\ril 
111 the pi nu'ss 1 hr pinirss sinus iIduii .is IodiI is i ihisuinrtl anil uaslr piniluits 
tiLiiiiniilatr Fvtn lai^i Inidirs iil wain, l ^ , 1 aki tiir, ma\ iK^imiir lomplrirlv 
(IrvDiil ()1 ilissiilsril 111 in lam airas wlmi this pmtrss has lui lined 

Slim lilt- iriiiwlh nl ihr al^ai dial Mails llu piinrss iil nihfiphiuiliiiii is dr- 
pnidrnl on iiiiio^rii and phnsphoiiis as Iniili/Lis, iht i[Jinnilialiiin nf these 
iiiiliirnts nilniii^ ihi ljnrl\ ni wain has a slif)iij[( inllunur on rhr idle of 
niti opliiialion \ 1 rlalionshijj lirtwirn ilii. inpiil ol nutiiniis anrl ihc ^ec)iiir1i\ 
of ihr lake has hrni h\pnlhrsi/Ld (li^ine 'i 1) Isni ihnsr wains dassed as 
oli^oiiophii (ahundani in r)\>{;L‘ii. di-hiinil in plain nulnrnls) air destined 
In hnome hllL'il with drhiis nenliiallv. esen ihiiii^h the latr ol oig.iiiiL pioihu- 
tion IS \n\ low llu lai|>L'si lake 111 the woihl, I .ikr Haikal 111 Sihena, lotateil 
on a ^LMilo^u laiiJl, has a warn ileplli of .ihoul ’lOOn feel ([121 ni), heniMlh 
this IS an ai i iinuilatioii ol anodin 20,001) leel (0000 rn) ol sediinenl 

A final iheinital failoi innueniiri^ the aquatu biola is loxu matin in a 
vaiieiy of loiiiis Mans loxic niateiials air piodiued h\ n.iiiiie, foi example, 
time aie mans loxu \aiielies ol al^ae Olliri loxii inateiials mas Ik' present 
heiaiise ol miinuipal sew.i^r 01 miliistilal wasle disihaij’es Some elements 
that are ier|inirrl m tiaie ainoiinis loi heallhv arjuatu giowlh aie toxu at 
hi^hn I oni enti alioiis 

1 he aquatii oi^aiiisms of Lornein lo both waiei iisns and natiiialists are (a) 
mu 1001 nanisms, whuh are visible oiil\ iiiidei the iiii(iosc.upc, (b) mat 10- 
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organisms, wiiirh arc* visibJc to the* unaided cyti but generally raihei small 
and (r) liiglier life forms. 


MICROBIAL ANALYSES 

In Limsidering the various fields of aifuatit biology, it is found that iherc are 
two principal kinds of analyses used lo identify niiifoorgaiiisnis: the hrst is that 
used by the niuniripal walei treatment fdaiits for tontrol purposes lo assure 
that the hnished water is free of' palhogemt organisms. (lolilorm harteria div 
used as indicator urgaiiisins in this test. Although lhe.st‘ are not paifiogciiir, 
the) are fouiul in the iniesiinal Irael of all waiiii-hliM)derl animals, so their 
presence is a warning that pathogenic' oigaiiisins niH\ also Ik* pieseiit. A more 
positive indication ol a hc'alih hazard is the further ideniihcaiion of'siinie ol 
these as letal c'oliicirm harteria. 1 he effluent is tested at u frecincficy spreilied 
bv law anrl must meet niinimiiin counts lor c'nlilorni organisms on a .statistically 
significant nuiiilH'i ot samples. These lecoids are submilled lo the control 
ageniv, usually at the state level. In acicliiion to determiiiing colilorm orga¬ 
nisms, the niiinicipal plant niav on its own initiative analv/e foi s|M‘ii(u 
organisms based on its past operating experience with biologicallv-rcdalerl 
prcjblcnis. For example, the spring tnrnovc'i in a Like' may inlioiliiie hllei- 
Llogging organisms at the water intake: a regiilai evaluation lor the organisms 
which experience has found in the past to Laiise hltci problems is a helpful 
control measiiie. Lalei in the >eai, certain algal blooms mav piodure tastes in 
oefors in the finished walei, and anaivsis lor these speiihi tilgae can fon'waiii 
the plant ni the time w'hen activated carbon mav 1 h* needed loi taste oi odoi 
control ( Fable 5 . 1 ). 


TABLE 5.1 Odora Produced by Algee 


Spri irs 

MiKlridU' 

AIhiiicIiIiiI 

ATidhdciia 

(hass^, Niisliiiiuiiii 

Sept It 

AstC'iiriiielL-i 

l«eTaijiiiiTi, spiiv 

^lsln 

lJini)hi\r)ii 

\iolt*i 

I'isliv 

Melcisii .1 

(■c'laiiiiiin 

Musiv 

Osi ill.iioru 

(>rassv 

Miisiv 

Sit'pli.inodiMiis 

(h'laiiiiiiii 

Fishv 

Svniita 

(.iiiuiiilu't 

Fishy 

l.ibHLiria 

(h'raiiiiiin 

1-ishv 

V'fil\i)x 

Kisin 

Fisliy 


MICROBES IN INDUSTRY 

MicTobiologiial aiial\.se.s rondiiiled to pinpoint problems in industrial water 
sy.stenis, the second type cd analysis, are ionsiderably more complex. Figuies 
5.5 to 5.H show suih analyses loi a river, a reciiTiilatiiig ccMiling water sy.sleiii, a 
papei mill .sy.stem and a waste plant discharge. 

Ill this type ol analy.si.s, although total c'ount is a very .signihcanl numlK'r, 
by itself it means little unless .sample's collerted al regularly .scheduli'd times 
from the same Iciialicm arc aiialy/.ed and roiiipared for the levels of ^mpula- 
lic>ns and the s|>eries (organisms) normally enioiinrered. The pariirular analyst's 
show'll break clown the micTobiologiral life into three* categories: bac'teria, fungi, 
and algae. In each category, the .s|X'c'ifit organisms sought are those that 
cxpc'rienre has shown lo be the most trouhlr.some in industrial sysieni.s. 

At the head of the list are slime-forming aerobic bacteria. The most cornmcin 
of these is Pst^urlomnnas. When organisms otlii'r I ban those shown on the 
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Figure 5.5 Minnhi.il aiiiiKsis dI a ii\li watLi 


si.iiirlaifl jiiahiKal ini in an louiul, ilirsc ajt* iniurl in ilir appitipiiaie locaLion 
Fni (■xamplt'. b toll iniiiul ait* rcpiiiit-il as .iL'inbii, nnnspnit*fnimiiifr hailena, 
ihi* siiHiii-pmfliuin|r hacteiia, jHif>i^itoa, is lepnitril umlei ihc inluiim ioi 
"Oihfi Ratteiia" whi*ii it is uli'nliiied Oiganisins nthfi than luclciia, iuiigi, 
aiitl alj>at‘ iiuhiiU* llu* pintn/na and lonhcis that aiL* filirii loiind fria/ing on 
I In* fiiH iiiiiiainiiijii llu* nllin initiiMnjirdinsms Actinnni\ii's an* sometimes 
iflentiiird by s[K‘tial tL*ilinii|nrs, as these lan innltibLile si^niiiiantlv to tastes 
and ndnis in finished watei 

When a wastenatei is anal\/ed« it is snmetiines netessan to determine fecal 
Liiliform and leial stieplotniLi to establish the need ioi liiial disinlectioii. II 
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Figure 5.6 Muinljial .jii.il\sis i»l a ii iiiiulaliii^ uniIih^ Main 


(he sample' is laki'ii luim a siirain bi'leiw a wasU'wati'i ilisihai^i', a Loininnn 
\ariiM\ of haiUTia lallcri Sljhaeionlus is ollt'ri tininrl Ihis is iisiiallv ilasseil as an 
II oii-rli'posilin^ bacit'tia, bill non is not lU'cilrrl fin iis 

If a bioassay is bi'in^ inaiJt' iif a stiuam lo asst'ss its lirallh, a i I'lisiis iinisi Ik- 
niarir of iiiaiiv laigci ui^anjsms Mairoor^anisiiis—iisibfc in rfir iinairfi'rl I'se— 
incliirlr a vani'lv of isuiins, crusiaii'a aiirl laisai' A licallln siiraiii i iiiiiains a 
large nunibei of speiics imiIi lelativrh low popiilaiions 1 hesr ptmule forul fni 
ihe higher toiins of life, suifi as fish, ciawfish, and sliiimp 
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THREE LIVING ZONES 

Thrrc well-iltffiiicrl hahitars must be- examined in niakiiiff a lumplete biuassay 
ol a stream ni lake: the littiiral area just ofl the sbtireline; the lirnnetii /one, 
nr open water beyiiiul tbc slinre; and the bciilhic /(me at the bottom. There is 
an endless vaiieiv ril organisms indigenous to eaih of ihest* /ones, and a pei iodic 
evahialion id iheir populalions is needed lo assess the health of the lake and 
the effect of municipal m industrial discharges. 
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Figure 5.7 Muiobial analv.sis nf .1 lii|iiiil sample fiimi a papei iiraihine heailhox. 
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FlQliro 5.B Miiifihidl iin.iUsis [if .1 \vdsti iiiainiiiit plant ilisiliarji'i 


If suth discfi.iTgrs liavt iinl brrii piofx'ilv litMlccl, ffie 1 ri riving hMirl\ iif waici 
l>eLfiiiies |H)Uulc*ri Jn fail, Im flfhriitinn pnllutinri itltis tii cuiu.iniiiiaiils that 
dcf^iaclt* llic bi)dy nf ivaU'i, vilhvi wiping rml desiiablr |M)pulaliiins ni lidstciiifig 
ciitrnphuation 1 he iiicie pieseiue nf loiiiamiiianis, whiih exiM 111 all waleis, 
dues nni loiislilule pnlluliun 

Of ihr iiidiiainrs of p«illution, reitaiiil) dissolved oxygen level is the Jnie- 
mosl A leducliun of dissolved oxygen is always apparent 111 a leieisiiig stieani 
immediately lielnw a wasiewatei discharge figure shows the oxygen con- 
tenl at eaih sampling local ion along a stieam 1 he data ate typical of the effect 
of a wastewaler discharge on a receiving stream If ihe sLieatn is scveiel) pol- 
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Figure 5.9 11 > pm hciii «il iixy/^rn 
sa^f uivr, sh(iwiii|f iIilm iiiiiciilia- 
tii>ii 1)1 clissnJvrd nxyfren and dv 
f^railahle wasiL* (nitasuird as 
HOD) ai vjriDus saniplirif^ sLaiiinis 
•ilriiif; a n\pr Kith Iwn pniiiis nl 
Kaslr riisiharf^t* 



UPSTREAM DOWNSTREAM 

1 DAY 2 DAYS 

AVERAGE TIME OF TRAVEL O 130 CFS 


liiicfl, ox^fTL'ii llla^ clisappeai rntiirlv Iheic will be a /nnu of de^iatlatiun 
lK.'lnw' ihe piniii iii discliai^e wliciu ilie Wailei mj\ l)i*coine scpiu and loul 
ikJdis develop Dependnifr tm ihe lype o/ exposute ol llie stieain to the atnio^- 
pheie—llial is, whcthei the slieaiii is imhiileiil oi limpid—oxygen will be 
redissoUeil in the w.iiei, and the siieani will rapidlv oi sliiwl) leiovcr. 

(loriel.itiiif* (loseh lo the ox\/«eii sa^ciiise is the ibange iii stteam biota lielow 
ihe jNiiiii of disiliar^e: llie luimbei ol species of oif^anisnis drops preiipilately, 
anil the pnpulalioii of iiiidesii able* oi nanisms, surli as shid^^e wnirns, mi leases 
lapidlv laithn down stieain as ihe ii\ei bcf'ins m leLovei. speiit's ol desirable 
Ol nanisms be);iii to leapprai, as shown bv Figuie 5 10 

CHEMICAL INDICATORS 

(a'llain ilieniual lesis, loo, con elate with the ox\^rn saj; mive, as shown by 
ti^uie 1 I Ihe HOI) \alues shown ate a measuic ol Irnid lot baiiena (Cliafi- 
lei 4) When fcNid is iniioilui ed, baileria be|^iii In niullipK rapidlv al an e\|K>- 
iieiilial I ale, lesulliii^ iii the ledLiilioii ol dissolved OMSf^pn m ibe waiei As finid 



[Lb AN WATCH AClIVt nt COMPOSITinN HtCOVtRV H E AN WATCH 

■ J 1 1 I I_I_I_I_I_ 

111 2 3 4 5 6 B 

DAYS 

24 10 0 12 24 36 46 60 72 64 BB lOB 

MILES FROM POINT OF DISCHARGE 

FIgurvS.IO (Changes inpopulatiDii of mai lo-nrgaiiisms i .lused bv waste disi harge into a 
ilean stream f/rrim ''Hioluf^rai held lnvt\tigattve Data /ur M rj/n Pttltuhon Sumrys," W. M 
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U) the stream (>eiaiise nl the presence oi toxii materials foi which theie mav 
bv no analvsis For that leason, biological studies to evaluate the suitability 
ol an efHiient tor mixing into the receiving stream are valuable. 

li IS seen, then, that gioss pollution of a stream has seveie biological im¬ 
plications, bill that a well-tieaied eOlueni may have little oi no efferi on the 
MHf'iMfig stieam, depending lo a laige extern on ihe ability ol the streaiii to 
lecosL'i ihiough the nalinal piixess ol reaciciiuin 

BACTERIA CAN HELP 

111 iiiosi municipal sewage plains, runiobiologv can be applieil as a heneliLial 
siit‘iue loi llie (lesfiuilion ol polliilaiits iii uastewatei In such a picicess, the 
wastew.ilei is (olleilerl and held utidc'i loiUioiled conditions, siimlai In a 
bal.iiueci aciLiaiiiirii, and bat letla aie intjoduicMl with the piopei appliialion ol 
iiiitiuMiis to bieak down and digest the oiganic wastes. Trider siicli conn oiled 
r oiitlilions, the liiial disihaige diit^s not impose an exic'ssne oxsgen demand on 
lilt leci'iMng stream 

While bailiii.i lan lie lieiieliiiiil in llie puiiliialioii iil wasti'waiei, when llies 
au iiiic null oiled in iniliisinal w.ilei s\stems, mu robiologiial organisms piodiire 
an tiiilliss \aiieh ol piohlems \side Inmi diseases siiih as tsphoid and 
cUseiileiN, which .lu lommon thieals horn exposnie lo waters that hasp not 
hec'ii rlismleiled, the |M)leiiLial loi ecpnpmenl damage aiiif piodiiil damage due 
III mu lohiologiial aitiMls is gteal Slime masses .tie otien pari of deposits found 
111 w.itti disliihuiion sssieins and watei-using equipment C oitosioii is often 
auelei.iteil because ol hiologual acti\it\, this is parluulaiK Hue wheie deposits 
(oini and anaeiohii haiieiia au shielded from the Howing watei stieam bv 
these deposils, |ieiniiunig iheiii lo council steel piping h\ the ItjS piorluced 
tin (High ihcMi iiic'lahnlisiii Ifowesei, pi opt i i(ieiUific aiioii ol the oiganisms 
enleiiiig a ssslein and Iniiiid iii deposits enables the wliter engineer to cip\eln|t 
a (heiiiii.ll piogram loi (oniioiling these piobleins h\ appliiatuiii of biocides 
Ol dis|)eisaiiis, oi a i oinhiiiaiuni of boih 
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Chapter 6 

Water Contaminants: 
Occurrence and Treatment 


1 hi* mil ikIik liDii Ilf i(iiil.iinmaiils nun u.ium siipplit*s has hin'ii shimii in be 
ilLiUcI III i.iiiifall lilt* iialinr ol ihi \vali*ishi'ft rn uiiilriiiLinil 

aqiiilei, ami ilit aiiiMius nl iialiiii anil tin liiiman piipiilaimn \\ali*i inn 
lanimants in In r\amiiuil in mint ih lail (all in Iwn i alriifii il*s ilissoKeil inattei 
( lahlr li 1) anil nnn snliihk i niisliiiK ills ( lahli fi 1^) DissnUirl |L;ast*s ai i in- 
lIiiiU'cI III disc lissniiis (it ilu hin1nL>i(al i\«Il*s alleilmii walci i|ualil\ 

Vs slidwn 111 lahli li 1, snliihle mauiuils in Nsairi ait tiihiiiaiih asNiji^neil In 
liM (Ifissilii iiiinns ihi liisi Inin nJ uluili an hast il nil i niii t'lili atinii lr\L'ls, 
with till last inMiiiu’ iIkim ni.ili i j.iIs iisiiallx li.insiLiil hriausL* (nnlinumi; 
Mailiniisin ilu .ii|iialiL i n\ii riiiiiK nl i li.ini*( llu*ii i inii l nilaliniis 

Manx mall Mills an liiiiisiLiit hriaiisi nl Innlnj^iial aitnitx 1 In* ihan^i* in 
r<C)j anil Oj (niileiil with siirili^hl is niii* i*\ampli* 1*1)111111)1111111 ht'lween Nil,. 
Nj, NOi ' ami NO, ' is aiinihi*i, rlisiussrrl laii'i in iliis [hajilL’i as pail nl I he 
mlMifTfii ivilr (Sec ( lass 2. Setnnilaix (anislilnriils ) 

I hi*u ail* alsn Inni^ii linn |nniL*ssrsh\ whiih Naliiiu i\ill's matli'i ihtniijjrh 
liMii^ ni )faiiisms, whiih m tinii mnihlx ilu* I'lix n nmiu'iii .mil least* then 
leunils in tiu links 1 his iha|)li*i examines ihe snniies nt inniamni.ints in 
vxalei, mails nl xxliiih aie minei.ils nealiil hs lisini^ thm)|Ts IVihaps the best 
kiuiwn ail* the ilialk i litis nl Dtixei .inrl ilu ini.il .ilnlls nl ihe P.iiilu, both 
iom|>nsi*rl nl i,di O, 

I)is(iissin)v these atolls in his essas on fniinalinn nl mineial clepnsils, C C. 
Iinnaie sass, “In tin casual iihstisei. il ssnuld stem that ihi pnlsp has built 
tliesi 1*1 (Ml masses nl land nut nl Jinlhm^r, hut, nl i nut si*, ii laniinl (In that ans 
mine than man can 11 has taken (aldiiin inmpniinds linm si is ihliile snlii- 
linns nl sea walei anil hiull u|) a shell nl taldiini (nni|)nimils in ptnieLL itself. 
Ill this pi mess nl lnllnwmj;r ns pientdained nielahnlii nle, it has (niuetili aled 
call mm hs seseial Lhnnsanrilnid m the Ini in nf an insnliible (nmpnuiid lii- 
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TABLE B.1 Soluble Meteriel In Wiler Supplies 


( lass I 


( las'. 2 


C lass ^ 


i lass 1 


t lass "i 


Primary constituents—generally over 5 mg/I 
Bitarbcinalt; MagiiLsium SiMiuiiii 

(allium Oiganii niaiiLi Sullaii 

( liUuicIt Siliia loial iIissdKliI suIkU 

Secondary constitiu-nts—Generally over 0 I mg/1 
\ininniiia lion Foiassiiiin 

Uoiiiii Niiiaic SiiniitiLJiii 

1 liioi Ilk 


Tertiary constituents—generally over 0.01 mp^l 
Miiiiiiiiiim ( I rlifispli 111 

\isLiiii liail /nil 

Uaiuiiii I illiiiiin 

Hi niiiKlt M iiig nil si 


Frare constituentv—generally less than 0 01 mg/1 
Viiliiniiiix ( oh ill 111 ! 

( aiiniiuin Mi it in \ lilaniiiiii 

1 hi uniiiiiii Nukil 


transient constituents 
\Mrlil\ Mktiiiiifx 
Hiolo^iial C \( li s 

t .iiliriii ( \f It t iitisiiiiiL Ills 

C/t II4I t) (( J 1 t lissiu 
i K\gt II C M li 

o/t 0 

Nilto^iii ( \il( I ntisliliii ills 

Diiriiiu N Nlli^NO ' \t) ’ \“ \iniiii) \i ids 
Sulliii ( \< li t oiisiiiui Ills 

1 ) 1^11111 S IIS ■ StJ SI), S' 

Ki(lo\ Kt iiiions 

DmiIi/iiil; M iii 11 ils 

Iioinllii 11 Hill il i iivii onim 111—I) S 
liiaiiniiii icsiiliiis I I ( lO, 

Ki flue 1111 ; M lit n ils 

I 10111 llii II iliJi il I iixiiniiiiii 111 

Oi^ lines 1 I Mil IIS ' 

II Lciiim 111 Ri iiilius 

I )i i» mil s I i SI) SI) 

R i(li(iiiii( lull s 


si|iiiifiiant IS llu ir)i«il |jr)l\|) iii.i\ appeal il is out iif llu inosi iinpiiilaiit 
cicatiiiis 111 (liaiiL>iiig llu tliaiatUi nf llu laitlis suilati 

Mans (ithti n.itiiial cm Its haM httn iipualin^ iimi iiniiilliss gtolniru jgi s 
In pidilui t'cli ptisils III siiltui mill iiuint^aiust siliia aiirl phnspliau h) iiaitu 
fiiih a (iw In ihe \illiii>c nl Hatsln Niu |iisi\ llu eaik \iiuiicaii loloiiists 
sit up ihi Inst blast liiinact in llu New VVoild 1 lu 11 sniiicc ol non ini w.is 
hog non —piiii nun nxiiU piccipilalc fl fioin ailLSi.iti waiii li\ non (kpositing 
bactiMia 

So llie piescMUi rif in.ni\ of ihi tiiiiuial t oust itiu ills in want siipplii s ina\ 
siiiipK ripiesinl iht Mliiin 10 tin ac|nanc eiiviioniiuni nl .1 loan mailt b> llu 
tsirth In liMiig oiganisms long ago 

As an aid to apprcuaiing ihc soliibililirs of tin (onsliliunrs bcMiig ix.iniint'tl, 
and ihus llu limitalions ol lIumi iNtuiittiii in naiuial walti supplits and llu 
irsidiials whiih may bt itailiid in pictipilalion |iiniL*ssts, higuirs hi, h 2 
and Oh pic-scnl soliibiiilv chaiactciistics in appiopiiate localions in tlic (rxt 



TABLE B.2 NonaoluMs ConstNuBritB 
In Watar Suppilea 

(J.ISS 1 Solids 

I lodllllfr 

Scaileablr 

Suspi’iulrti 

(.lass 1! Microbial or^nisms 

Mnat- 
Hacti'ria 

t IJI 1 )T| 

Vii list s 


CLASS 1—PRIMARY CONSTITUENTS 

I Ins iniliuli-s ilissnl\L‘(l snlnls ^t'lUMalU r\irc*tliii^ "» nltfii sfsrial 

oiiU'is i»f ina^intuik al)i)vc tins li^si*! 

Blparbonale (HCO —Molecular Weight 61) 

I liL' 1)11 tubiiiiaU' inn is llu* piiiui|ial alkaline innsiiluciii nf ahnnsl all w.ilci 
siippliis It IS ^[‘in‘iall\ l[)iiiiri in llic* ian][>L nl ") "iDO nni/1, .is (.ii( Its iiilin- 
iliK 111)11 intn ihr u.iU't h\ llir ilissnKiiif' .ulinii nf haiUnialK pinrliiit-il (.O^ on 
i ai lKinalr-( niil.niniifi iTiinct.ils has het-ii rxplainrd rlscwlicit* Nniiiial aitiMlies 
III ilu‘ liiiinaii pnpiilalinii alsn nilinfliifr alkaliiu' iiiatriials inin vs.iltn, cxirleinrd 
\n a Upiial iniitMsr nl alkalinn\ nf srua^r ])lant rltliK'iil nf IflO 1 "in ni;;/! 
ahoM- iIk* .Llk.ilnin> nl tin iniiinupal uatci siippK MulIi nl this is rliii' in ilir 
alkaliiniN nl iiicUisiii.il anrl (Iijiih'sIm rlrlct^i'iils 

\lkalinil\ in cliinkiin* u.iun supplies st hlniii rvrrrils 'UK) ini’/I Ilir cniilinl 
nl .ilkalinils is iiiipnit.ini in in.nn iiiflnsiilal applii.Uiniis hriaiisr nf its si^infi- 
laiiLL 111 fill’iiih 111111 lailiniialL Slahilils Jinlrx Mk.iliiiils inntinl is iinpniLain in 
linlli ( niii riili tiled Unilc'i ^^alt'l and muling uaii't in r\apni alive i nolin^ svsicnns 
M.ikriip 111 ! flu'se s\ steins niiisl nlteii he Healed Int alk.ilnnlv lednilinn eilhei 
l)N linn snlii 11111^ ni diieii anil adiiitinn Mkahiniv is nli|eiUini.ihle in leiiaiii 
nihei indiisines, sin li as the heseia^e industi\, ulieie it iieiiH.ih/es ihe audits 
nl fiuil II.i\Ills, anrl in teMile npei.niniis, when il intii fries with .iiid dseini’ 

Calcium (Ca'-—Atomic Weight 40; Group ilA, 

Aikaiine Earth Metal, Figs. 6.1 and 6.6) 

( .iluiiin is ihe iiiajoi (nnipninni nl haidness in uaiei .inrl usualU is in the 
i.ni^e 1)1 "i ’UK) niiid as ( .d (){. (li lilK) nij^'l as ( .i) Il is pii‘seni in iiiiiin iniii’ 
Lials. piiiiiip.ilh IniK'slnne .iiid ir>|>suni 1 inieslr)iu deposits aie nfrcn the 
iLsidiie 111 the fossils nl liii\ .ii|tiaiii nr^.iinsins. such as pnU ps. that have taken 
lahiiLin finiii the sea uaiei in whiih lhe\ liveil. .mil used it fin llieii skelelniis 
Mils IS hill one nf niaii\ i m les in naliiie vvheiehv siniie inrnpniienl nl ihe 
eiivnnnnieiiL is iniiimn.ilh wilhdiaun h\ living tilings ,ind e\eiilii.illv tetiiined 
dll et ih ni indii et ll\ 

(..all linn leinnveil (iniii uatei in snfieiiin^ iipeiatiniis is lalei lelinned in 
the eii\ 11 nninenl, nllen In the waieished, h\ wav nl a pieii|)ilale ni a hiine 
wlinh is the h\ pinihiit nl the sntienin^ leailinii (.ahiuin is .i nia|nt l.u lot in 
deleinnniiif* Stahihlv Index (.aliiuiii lednilinii is idien iei|iiiieil in Heating 
innlni^ Inwei inakeiip (aniiplete ieninv.il is iei|inierl Ini iiiaiiv indiisiiial 
npeiations, pailiiuldih fni hnilei makeup, textile linishiii^ npeiatinns, and 
ileamii^ and linsiii); in metal hntshiiig npeialiims 

(Cahill 111 hardness eaii Ih* ieduced to a level nl nig/l as (latX)^ b> mid 
lirne-snda snhening, and tn less than 25 nip/l bs hot hine-soda snftcniiif^ It is 
lediucMl In less than I ni);/l b\ i.ilinn exilianj^e methods. 
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Figure 6.1 I heoiciujl soluhiliiit s nf Laiboniit cnmpouiifls in ri vvatt i s>steni rliistrJ rn dn 
external ( Oi Lnvironmrnt at 2')°( (ffum iqitatit (lumistry W Stummand] J Murgun) 


ChlorldB (Cl —Atomic Weight 35.5. 

Group VIIA, HeUde) 

Sinu almost all thlonrle sails arr highly soluble in walei, ihloride is loiiimnn m 
fresh water supplies, ranging from 10 to 100 mg/I Sea watei rontains over ^ 0.000 
mg/I as NaCJ, and reitain underground brint wells may aiiually be satuiated, 




appnjxiinatrl) NaCJ Man> geological hiimalions u>eie nnie serlimentaiy 
in the sea, so it is not surpnsing that Uiey roiitain lesidues of chJondes 
that aie i ririfiniial]> leaching into fiesh water sources The ihloiide content 
of sewage is lypiralls 2 i)-W mg/l al)o\e the comeritialioii of the munuipal 
water stipplv, aciouriliiig in pail foi the gradual inn ease in saliniLv of rivers 
as lhe> pioteed lioni iIil headwaters in the sea 

Anion exchange is I he onl) chemical process capable oi lemoving chlorides 
from wdlei, howeiei, phssical pine esses such as evaporation and irveise 
osmosis can separate a leeclwatei into two sueains, one with a reduced chloride 
and the other with an me teased chliiiide conteni 

I he rciomiiiciideil upper limit lor chloride in clunking wait is is ^50 nig/l, 
based entiiel> on tasii iioi on aiis known phvsiologiial lia/aiils 

Magnesium (Mg*''—Atomic Weight 12.1; Group IIA, 

Alkaline Earth Metal, Figs. 6.1 and 6.2) 

lire niagnesiuin haicliiess ul a walci is iisuallv about une-ilnrd ol the loLd 
baldness ihi rciti.iiiiing two thuds bring (aliiuin baldness Magnesium 
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ivpiitilh laiigc**; lioiii 10—50 nig/1 (about 10—200 iii|!^/l as (^aOOi) In sea walcri. 
niafrnt'siuni loiiUMitiaiiiMi is about 5 times that ol caliium on an cquivalenl 
basis rbe piotiuilion ol mdgiu-siuin hvdroxiiiL* from slm wain is the stalling 
|X)iiit in the inaniitatliiip of magnesium Ma^ncsiiiiii is a piominent Loinponeiil 
oi man> minerals, iiiiliirim^ riolomiie. iiiagnesiie, anil iiiimcious vaiielirs ol 
(la\ 

Sinie ina[inesiuiii laibonaie is appieiiabh mine soluble than lakunn lai- 
Ixjiiale. It IS seldom a maioi lompoiieni in stale llowexei, ii must be leinosed 
aloTi^ with tallluni whet e soil watei is iec|uiieil loi boilei makeup oi loi pioiess 
appliiations It iiia\ be lemoved In lime solteniii^ lo a lesidiial ol 30-50 mg/l 
as C.a(i()| told, oi 1-2 nif;/! as (ia(d)| hoi ll is also lecluied bv ion exili.in^e 
to less than I ni^/1 as ('a( ()> 

Organic Matter (Carbon, C Atomic Weight 12; 

Group IVA, Nonmetal) 

Since oi^anii maieiial makes up a sigiiifiiant )iaii ol ihc‘ soil ami iHi.nise n is 
used b\ acjiialii oi^ainsnis lo biiilil then l>oches and piodiiie food, ii is ineMlahle 
lhai ualei-soluiile oi ('aim piurluits ol iiiLtaliolism slioulil lii preseiii in all 
watei supplies I line is not mmli inloi iiiarion ax.iilabli on spiiilii oi^aiiii 
f oinpoLinils 111 most watei soiiues 

Mam w.iieis hast a \ellowish oi um i oloi cliii lo dectiSLil veiri Lalioii leai lu d 
lioiii the waieished In iiinoll 1 hesi rnt'aiiii m.iiiiials aie liio.iills ilassilnrl 
as humii siibsiani es, fuidiei lalei'oii/ed as hiinm .mil (a w.itn sr)lul)li i oin 
pOLiini), liibii aiirl (alkali soluhit iiiatMlal) ami liiimm (Ini'll rnohnil.n win^lii 
watei insoluble matin) I best oii>aiii( i ompoijiids ai l iiioIimiiUs haMii|> m.im 
hinitional pinups LonlainmiJ owiien and Inilioi’en aloins in xaiioiis piopoi 
tioris, so that wlitii oi ^amI maini is icpoitid as laihoii as it is m ilie lOt 
dett 1 miiialion, ii is piob.ihle (hat llii moleiiilai \vei;>lil id llusi himm ni^anii 
moleiules is 2 0-2 5 tinus i;ieaUi than the v.diie lepoited as laiboii \ suivtx 
ol hO iniiiiir ipal su|iplies ol ihi I mied Stati s showed .in ,i\eiai;( loial oii'anii 
laibon loiiliiil in (In liinslud w.iiei id 2 2 rni'/l, as ( . so iln nijiiriiiK mailii 
was piolialiK on the oirlei rd 5 ni)>/l 

I line aic a saiieU ol indexes loi iiieasuiiiif' the ^loss oj^aiiii lonunl ol 
watei, and (hcie IS ^eiieialh no ioiielation beiween liieni 1 lu oi^ami mallei ai 
a saiiipliii); station on the Mississippi Rivei as deleiniiiied In ihese indexes is 
shown 111 Fi^uieh 3 UeiaiisL some of the luiiilioiial i'liiupsiii liiiinu ioinpiiumls 
fiave ion exih.iiige piopeilies, they lend in ihelale heaw metals hi spile of ihis, 
there is no ion elation whaiesei iMMween tlu iidoi ol a waiei and its lotal heaw 
metal c oiii eniiation 

Some oi^aiiH maleiialsaii tiiih siduble iiiil iniiili rd it iiii.imh ilie liiiinii 
mallei—IS picseiit in iidlrndal loim aiirl laii (>enLi.dlv be iinimtd In lo,u>uI.i- 
tion Alum ioa^nlation at a pfi id 5 5 li 0 ixpicalK teduies loloi lo less llian 
5 APHAumts Oi^aiiii matlei suih as is loiiml in donn sin siwa^i otien mlnbiis 
call min laibonate pi ei ipil.itiim fl the ii.itiiial i oloi exi ecMls about 50, it iniisi be 
paitiallv itmovedloi lime srdlenmglo oit ui Oit'aini matin rn,i> In ii moM d In 
ailn.iled i.iiImiii iieaimeni, wiilelv pi .ii Hied m iniimiip.d iiealimiil pl.inls when 
oi^anii mallei laiisc^s ob)eilioiiable tastes m odois iii the finished waiei (>en- 
etalh these tastes ami odois are pioduied In .di^ae, each speiies li.iMiiji'its iliar- 
aileiisiir odoi rn l.iste jusi as willi laml plants Also like land plants, alfi.ii jno- 
duce Ol ^aiiK ioni|>ouiids vs huh mas he loxii il enough is m^esieil in fish oi 
.mimals 

(attain organic materials m water pollirieil In a^tnuliuial runoll (suih as 
(xmiiitle lesidiies) or b\ rndusinal wr.isies in iomeniialions lai Indow I in^/1 sitll 
exeil a si^iiiluaril elleil i>ri the hiota id lire reteivm^ stream tseii when lire 
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OrBamc* Cokir* 



Figure 6 3 I )|^||||1 iniiiii m ihi \1ississi|i|}i Ki\li iU i fipi l>ii jnk iii IMbM lU itium 

( S(i\ Wuftt \ufifth l*nfhi ) 

1 11m I IS iiix ill iiii.uu .IS with lisli kill It iii.iv h.i\( lull)* li i iii (fiiiSL4|iii ni ts, siu 1i 
IS tillLilini^ 11 pi uiliK liuii ui liisiiiptiii); lliL IducI 1 ll.llll 
Oii^Liiiii iii.KU 1 IS i)l)|t (iiiiii.ihU in iiiiiiiiiip.il Uiitii ihiilh iui .iL'slhttiL it^fi 
srins li fail lu liuulih snini in nuliisliial siippliis Iia inuiliiiii)* ujlh iumIiihiii 
piniLssis ll is a iiiri|ui lailui in llii Ifiiilini* i»i aniuii i\ilian^t iisiiis ile)*taclin)> 
I Ifliii 111 ipialil\ fil rli niinc i.iIi/mI uati i .iiicl i U|iiiiiii); laiU iiplauMiii in iit irsin 

Sodium (Nb —Atomic Weight 23; 

Group lA, Alkali Metal) 

\ll sfifliiiin sails ai L Iiil;Ii 1\ suliihk in walii .ilih(iiii*h ciiiain lumpkxi's in iiiin 
Mills ail 111)1 1 111 liiji;li (hli)Tiili (i)iilMil ul Iniiusaiiil si.i waUi is iisiialh assu- 

Liatiil willi llii sorlmiii inn In lush wait is its 1 . 1111^1 is iisiialh Ui-lOO ni/r/l 
(.ihniii 20 200 lll^/] as ( a( C)}) Sncliiini is pjrsciil in cm lam Upes nl ila\ ainl 
lililspai Mil IL is an iiiiuasi nl simIiuih in iiiuniLipal siv\aL{t nl 10-70 ni)r/] in 
iMissnl lilt iiiunitipal w.ilti siipph Ms inni t nii.itinii is nnt limiti r1 h\ FtMliial 
Diinkiii),* WalM Sl.iiiclaifls, sn pcisniis nii 1n\s sniliiiin rliLls iiia\ ui|uirt speiial 
sniiircs nl pnlahli uaui I lu niiK fluniKal pinit'ss Ini u*mn\iii)T soiliiiin is 
Lalinn r\i han)>t in thi liMlingtn i\clt* Lxapnialinn anil icvtist* nsinnsis alsn 
U'iIlki sndiiini piniliiMiiL* .i piiKliiil sliLain low m smliiini and a spt nl hunt: 
lii);h in snilunn 

Silica (SIO —Molecular Weight 60; Oalde of Silicon. 

Group IV, Nonmetal) 

Silica IS piL'SMil in altiinsl all 1111111 lals and is Iniiiid m Irrsh uatci in a laiif^c ol 
1-100 111)^1 Mic ski'kuniis of dialnnisait pint-silna. sn ilu* siliia i niUeni ol sui- 
faic wdU’is mav bv aflccicd b) st-asoiial diatom blooms Siliia is LDiisidcicd lu be 
colkiidal bciause its reaitmii with adsoibents like Mf^O and te (OH)i show ihai- 
aLieTistiLS similai lo ispical t nlloids Al high inni eiiliatinns—ovci 50 nig/1—the 
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dflsorpcion isotheiiiis (iJidptei S) iin liingoi appl), diirl ii appeals lhai ihemital 
pipiipildiioii (x,LUis insLcaii Ihcie is piobdbly an i*i]uilihiiLiin Ix-twccn the siliia 
111 colloidal toiui and ihe bisilualc (liSiO) ) anion Because ot this complexil), il 
IS iliHiciill to piccliii the conditions undc‘i which silica can 1m* kept in soliiiion as 
water concentiates fluiinj> exapoialion 

Silica IS objeiiionable ai high ioiHcnfialion in cooling towei iii.cki'up because 
of this lineei taints alMiiit its solcibiliiv limns 

It IS ohji-c 11(11 table in boilei leeilwatei makeup not oiiK heiiiiisr it mas lot in a 
scale 111 the ImiiIc-i ilsell, but also iM'caiise it \olalili/rs ai high tenipc'iaimc*s and 
rcdeposiLs on tuihiiu* blades lieatment pi (Messes that lemove silita au adsoip- 
tion on inagiic'sinin piecipiuites in the lime snllenmg opeiaiion, ailsoiplion on 
leiiii hsdioxide m c oagiilation pi oi esses cising non salts, anil anion exchange in 
the deinineiali/ation pmeess 

Sulfate (SOf ^—Molecular Weight 96; Oxide of Sulfur, 

Group VIA, Nonmetal) 

Sulfate dissolves in walei lioni certain mmeials, c'speciallv gvpsiiin, oi appeals 
fioni the oxidation ol scilhih* ininei.ils Its ivpiial langc is "i 2()n mg/1 I he sug 
gc'sted tippet hinil in potable water is 230 mgM, hast d on laslc and iis polintial 
ealhailii eHei I Beeausc calcium sullalt is itdalivelv msoluhli - less than 21)00 
nig/1—siillale inav he objertionablL iii conieiitialmg \\alc*i high in lalumn as m 
an evapoiative ssstrin High sullale Uve Is mav In leiliici rl me asui.iblv h\ massixe 
lime OI lime-dliiinmau litaimeni, oi in laic cases b\ pieii[iilation wiih liaimiii 
carbonate* It max also he* ic ilin id In anion i xi hangt In lln i oagiilaiion nl vxaiei 
xMlh alum, sullale is mrioduced at a lalc* ol 1 mg/1 S()| loi each 2 mg/1 alum 
added, while an (*(|Ui\<ilc‘iit amount of alkaliiiiiv is ii(*ulia]i/c*il 

Total DIaiolvad Solids 

Since this is the sum ol all maleiials dissolxid in llic walci it has iiiiiiiv mineial 
sniiKcs lls usual lange is 23-3000 mg/1 lln siiggc'sud limit loi public warn 
supplies, based on polaliilitx is 300 mg I I lit pimiipal elh ii nl dissolxid solids 
on mdusLiial pint esses is to limil ihc ixlcni lo whiili a Wiilci tan bt i onientiaU d 
Ix'loic ii niLisi Ik* (lis(aiiU*rl IIikIi I oneenii.irions allt(I tin lasii ol lu*xei.iges 
[he I elated electinal londintixilv liiirls lo aiulciatc loiiosioii pii)iisst*s \ 
lediiilioii in dissolved solids is aihiexcnl In a ic'dinlion m the mdixidii.d i om 
potieiils 


CLASS 2—SECONDARY CONSTITUENTS 

1 hc*se are geni*ia1lv ]iiesMit in i oni etiiialions gieaiei than 0 1 iiigM and on a 
sionallv 111 I he range of 1 10 mg/l 

Ammonia (NH^—Molecular Weight 17, 
uaually Expreaaad aa N; (Nitrogen), 

Atomic Weight 14, Group VA, Nonmetal) 

Ammonia gas is extremelv soluble m waiei, leaiting wilh walei to piodine 
ammonium hydroxide Since this inrn/i*s in wafer in fciiin 4 OH , al high 

pH. Il ei* aminoTiia gas is piesent in a non-inni/ed loi in \{ the pH ol mosi water 
supplies, ammonia is Lomplelelv loni/ed 

\H,+ HjO^'S[H^OM^\H4' + OH (1) 


(1 he acldiiioii nl excess OH drives the icacLioii lo the lelt ) 
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Ammrmia is one of ihc liaiisienf constitucnls in watei as ii is pail ol the nilio- 
geii lyile and is infiiu'iiLetl by biulo^iral aitivii) As is seen iii the illusitation ol 
the inlio^ren tyilc, l'l^llle 6 4, tiininoiiia is tlir iirilinal pioduit of cleiav of 
or^anif iiiiiof;en (onipoiiriils Ihrse lompouncis hi si oi inmate as plant piotein 
iiiaitei, whnh mas he ttaiislornieil iiitii aiiiinal piolem the leliirn ol this pro¬ 
tein niateiial to the erivii oiiineiil ihiough death ol the oi^anisin oi thion^h uaste 
elinunalioii pioduces the oif>r,inji nitiofreii i nmpniinds in tin en\jfonineiil whith 
then rietas to piodiui aiiiiiionia 

Heiause this hiolo|j;ual piotess also luiiiis iti seuii^c tiLairnent plants, ani- 
nionia is a coininon LonsliliK'iit ol municipal sLV\a{^e plant elHiinit, in which us 
usual (out entiaiion IS 10-20 ni^/l It also linils its wa> iiilo suilate supplies fiom 
the a^iiciillijial runoll in aieas vvluie aininoiiia is applieil to land as a fctlili/ei 
\ninial IcLd lots also i oiili ihiiie aiiiinonia, whiih ma) iiiii oil into siirfaie 
siiiaiiis Ol find its was into iindeif>iouiid ai|Uiliis 

1 he eflect of sewa^i filant etfliitni on the airiinoni.i fonteiil ol a leceivini^ 
striain is shown in liguie U "i \initioiiia is oxidi/ed b\ h.utLMial ailion fust to 
iiitiitL ainl then to iiiliatt, so tin toruenliation is Loiilinualh liiin^ atfecu*d b\ 
tin inpiil fi iini drt.n ol oig.uiii iiiii o^t ii t oiiijiniiiiils ,tnd h\ tin output, whit h is 
ih( ujilakt In hat 1(0 la to loiivtit aiinnonia to iiitialt 



Figure 6.4 The niliogin ivih 
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Hgure 6.5 I hi rfliil 111 [ilaiii ilisih.iii't mi iht liiniix 

Ki\crh(l(m Dallas, Icxas I‘MiM 70 (f rum I S(rS Wnttt l*apft 

2157 ) 


llie t\|iiia1 niiut nil alum iaii|k;i* in nirist suilait* siip|ilu s is Imni 0 1 in 10 
ni^/1, rxprc'sscrrl as N li is nut iisuallv picsciii in i\rll watii-is, liavitifr inn- 

ACitc^rl in iiitraU' h> soil haitfiia ( ertaiii iiiflusrti.il ilisihaters, snili as tnkr plain 
uasirs, aic high in anininnia .iiiil aciniint Ini the ainiiiniiia inineiit nl snnii sin 
lace ivaleis 

Ihe iiiiiLL'iiUatinii nl ainmonia is nrii lesiiitleil In chinking vvalci sianilaicis 
Anininnia is cniinsivr In inppei allnvs, sn il is nl iniiiein in innhiig sisieins .iiid 
111 builer leeilisaui 

Amniniiia is nltuii ilrliheialrl> ailiJrrl as the iiiiingen snuue Ini hinlngiial 
udsie ti eatmeni systems I his is hec aiisc the bai U'tia i eijLiiie iiili ngen in pi ntlui e 
protein siihslanies (Figuie fj 1), sn the niiingen is iisuallv applit*rl at the lalin nl 
fine pail iii nitingen |>ei 20 paits nl innei, nuMsuteii as HOP 

Ammonia can lx* temuved bv clc'gasihialion, hv latinn exihange mi ihe hyciiei¬ 
gen cvilc, anil hv arisenprinii by c erlam clavs, stub as dinnplilnliir ll is also 
redured in lonccntialinii by biological ailivily, as iinied above 

Borflt 9 [B( 0 H) 4 , Compound of Boron, 

Atomic Wolghl 10.6; Group IIIA, NonmotaQ 

Most of the wot Id’s boron is cniiiaiiied in sea vsaler, at 5 mg/1 H Puie supplies of 
Midiuin borate rntut in and legioiis where inland seas have c^vapoialed to dry¬ 
ness, espeitally in volcanic aieas Boron is lrei|uerilly piesent m Iresh ivatet sup¬ 
plies from these same geological aieas 

It IS present in water as non-ionized boric acid, B(OH)i Al high pH, (ovei 10), 
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most of It IS present as the boiate anion, B (C)H) 4 ~ It has little known sif^nifi- 
ranee in watci chemistry Its conientiatioii is not limited in muninpal waters by 
potable watei standaids It tan be damagiiif; to utius mips il piesent in irriga¬ 
tion water, if the iiiigation mclhiids lend to loiiieiitiatc the material in the soil 
Although bin on is in ihe same gtuiip on the Peiiodic (^liait as aluminum, it 
Ix^haves more like silua in aqueous systems, it Lan Ire remnveci by anion e\change 
and b> adsorption. 

Fluorida (F^^lomlc Walght 19; Group VIIA, Halida) 

Fliioiide IS a loinmon lonstituenl oi maii> itnneials, iiiiluding apatite and mica 
It IS loiiiiiion pi actiie to add lluoiide to iiiuniiipal watei to pi ovule a lesidual ol 
15 2 5 ing/1, wliuh is Ireiiehcial lot the Loiiiinl of dental taiies Cainienrrations 
above appioximaleh 5 mg/1 aie detiimental, howevei. usuall> causing mottled, 
buttle tooth stiiuluie Because of this, the r nnceiiti atioii is limited b) drinking 
water slaiirlaids High (ontentialions aic pieseni m waste waters from glass 
mamifai 111 ! e, steel maiiiifaitiiie, and foiincliv operations Lime preiipitatioii can 
lediue this lo 10-20 mg/l lluoiide is also leituied hv anion exihange and b\ 
riilsoipiioii on [aliiuni phosphate and iiiagnesiiim hydroxide Fhioiide forms a 
iiiimhc 1 ol complexes, so lesidiials in fluoiide wastes should be atial\/erl rhenii 
calls and not hs the use of a fluoiide eleitiodc 

Iron (Fe > and Fe< Atomic Weight 55.9; Group VIII, 

Treneltlon Element, Figures 6.1, 6.2, end 6.6) 

lion IS lound m man> igneous locks and in flay mmeials In the absente of oxy¬ 
gen lion IS quite sohiliU in the leiiuied stale (^s seen iii the anahsis of well 
wateis ioiiiainiiig non ) When ozidi/eil in a pH laiige of 7-H 5, iron is almost 
[oriipliiih insohihh and the conieiilratinn can be leaiiih ieduced to less than 
I) 1 iiig/l the maximuiii set h\ diiiikiiig walei standaids Because non is so 
insohihli when o\idi/ccl complelih, the actual lesutiial non allei iriMlnient is 
deieimilled hv how wc-ll the iolloidal non has Inxii cuagulaied and hlleiecl lioni 
till watei 

Because lion is a piodiitl ot lonosioii m steel pqring s\stems, often the non 
louiirl III watei Ircim a dislnbuiion s\steiii is liom this souii * nid does not repre¬ 
sent non left finm the irealiiient pi mess in the watei titaliiieiil p'mt 

Nitrate [NO| —Molecular Walght, 62, 

Usually Eapresaad as N (Nitrogen), 

Atomic Weight 14; Group VA, Nonmetal] 

N III ale, like aiiiinonia. tomes into waiei via the iiiliogen tvile, laiher than 
Ihiough dissolving mmeials Its comeiilialioii is hinited hv dunking watei 
standaids to 45 mg/l loi phvsiologiial icasinis Theie an no icpniled uses of 
watei where riilrale is a r estiitlive iactoi I here is an mi lease of total nitrogen in 
sewage plain efihieiii in the lange tif 2(1—f(l riig/l as N above the level in ihe water 
suppiv A great deal of this is ammonia, but some is iiiliaie Ihe oulv ihemiial 
piocess that lemoves nitiale is aiimn exihange, niirale can 1 m* convened lo nitio- 
gen 111 a Inologual s>siem b) the action of the iiiliifving bacteiia 1 he iiiirale con¬ 
tent ol well water is usuallv appieciablv liighei than suiiaie water 

Potassium Atomic Weight 39.1; 

Group lA, Alhallne Metal) 

Potassium is cinselv lelated to sodium-so muih so that it is seldom aiialv/ed 
as a separate consliliieiil in walei aiialvsis Its oicurience is less widespread in 
natuie, and for that reason it is foiiiicl at lower conientTaliniis than sodium 
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]| has no signihtanie in piiblii watei supplies or in waier used lot indiistiial 
puiposes As with soiliiini it lan be leniosed LhemiiAllv oiilv b\ Ldtion ex¬ 
change. or h\ phssiral pinresses suih as esapoiatioii and reverse osmosis 

Strontium Atomic Weight B7.6; Group IIA, 

Alkollno Earth Motal, Figure 6.1) 

Stionliuin IS iii the same Iannis as Lahmm ami magnesiiim Mihoiigh iis solii 
bilits in ihe pieseiiie ol bicaihonate is sigmiuaiil (aboiii half that of tali mm) 
Us Oitiiiieiue is usiialK lesliiiied in geologiial loimalioiis while lead oies 
(Miui, so Its Loni eiuiaiioii in waiei is ispiialK f|uiiL low li is umipltLils 
removed b\ any piotess used foi calcium lemoval If mil lemoveil by solii mng, 
111 a scaling waiei it will Ik' a coiiinbutoi to the scale pioblem 


CLASS 3—TERTIARY CONSTITUENTS 

1 his gioLip imhides nialeiials geiutally found al ionceiitiatirnis ixitcrlmg 
OUl ing/l 

Aluminum (Ah'—Atomic Weight 27; 

Group IIIA, Metal) 

\lihoiigh aluminum i imstitiiiLs a high pin tillage id ihi tilths iiiisi as a 
common €Dm|ioniiu of a widi vaiieiy of iiinuials and ilass its soliihility m 
water is so low that it is sililoin a lause lot lomeni eilhei in miiiiuip.il sup 
plies Ol iiidustiial wall! sssunis Howcvei iii indiisii lal sysU nis the canvovii 
of alum floe fiom a ilaiifiti may lausi defiosit piobleins p.iituid.iil\ in 
LiMiliiig svsitms wheir phospliait may Ih ap|dii d as a siahih/ing iiLalmciil 
\lummiim found m maud watei systtms is usually thin hiiiiiisi ol colloidal 
lesidues (alumina ^l^Oi) fioni the coagulation of the wau i d alum oi aliiimiialc 
IS used as ihi toagiilaiil II the n sidiials an ohjeiiiniiahle they tan hi nmo\td 
by mipiovLcl filtialion piacliiis 

As sliown bv the solubility ciiivis (1 igiin b fi) .iliiimiuiiii is aiii|iliolc nt being 
present as Ah* or lowei valeiui livdroxyl loiins al low ptl .md tin aliimmali 
anion at higher pH s \s imglii be ixpc'itcrl lioiii this ainplioli iii iiaiun 
ahimiiid particles aie positiyth chaigid at low pH and negalivclv charged at 
high pH, as iiirliialed hy 1 igiiie h 7 I he eltc iliveiiess cd alum in piccipiLaling 
iiegaLiyily chaigid lolloids such as clay pat Miles lioin water is mon likely 
related to the chfirgi on the pntipiialed aluinma than llu iliaigc on tin 
aluminum ion itself since the aliimniiim ion is not soluhlc m the typical i oagula- 
tion pH langc of 'i-? Its slicing negaiivi charge at pH 10 0 10 7 helps explain 
the effeitiviness of sodium ahiminaU in piLCipiLating inagtiLsium haidinss, 
whiih IS pusitively charged at this pH 

Areenlc (Ae—^Atomic Weight 74.9; 

Group VA, Nonmelel) 

I he solubility of at sc me m wain is so low that its piesnnc is usually an iii- 
dicaltJi of eithei mining nr melalliiigical opcialions m the waieislied oi iiinofl 
from agncidtuial anas wbin at scum al nialeiials have Ihuh used as indusinal 
pciisons 11 111 colloidal ioiin it would he reminid by tonverilioii.d watei mat 
ineiii pi messes teihral legulalions liinii iht lontcnl in puhlii waiei supplies 
to a maximum of 0 1 mg/1 lolal aisenii 11 tin matcnal is piesenl m in garni 
form, 11 may be* remoyed hy oxidation iif the oig.imc maienal and suhseipienl 
loaguldlioii, Ol bv an arlsoiplion pi mess 
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pH 

Flgura 0.0 Thf lULriial snluhililiLS 111 iiviiJc<k .iiitl liMlriiMrlis iii \%alLi at 
shiiuiii^ am|)liiili 1 II iialui i nl aliiininiini and/iiii {Finm iifuatif ( hrmistry, by 
\\ Stumm anrf / / Motfran ) 

Barium (Ba^'^—Atomic Weight 137.3; Group IIA, 

Alkaline Earth Metal) 

111 n.ilui.il walLis biiai bon.ilf .inil sulldtc, tin solubility of baiiuiu 

IS Irss than 0 1 mg/l, and it is seldom found at i iiiiLcnliations extcLding 0 05 
iiifr/l Remoyal to kns lesiduals tail be expet led in lomeniioiul lime tieaiincnl 
piiuesses Ihcie aie iiisiaiues of baiium bciiif; added to waiei foi tin speufit 
pill pose of sulfate icdutiioii Tin leailion is hindered because the baiium 
tea|reni itself is so iiisolubli that i oiisideiable time is needed foi the leactioiis 
to (Hiui, lurtheimote, sulfate, deposition on the suilaie ot the batiuni leajrcnl 
makes the pitness iiu flu lent Baiiiini is liniiied in tli inking watei to a maximum 
tmneiniation of 1 nig/1 
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EPM 

4//SEC/VOLT CM 



Figure 6p7 \<iiiatinii nt with llu nalnu of 

ilie paiiiiU iiiiil |ili i/iiJiii ffn Sfioro/i 

riiir/ / / \fii?irciri ) 

Bromide (Br —Atomic Weight 79.9; 

Group VIIA, Halide) 

tiioiiiiiir IS inuiicl III sL‘«.i w.ilri at .ihniil h'l niji;/) >is iho liioiiiuU inn sniiii t nii 
nati* WtiUMs pioduietl with ml lonMin luiniliLMl ini^/l .iiirl .in ilit snnm 

III luiiinuMiial biniiniu' ()\m 0 (fi iiil»/I in lit sli w.nci niii\ muIk.iU llu pirstiui 
ol iTiiliistii.ll w.isli's, [inssihh liniii llir list nf biniiin-ni);,inn iriinpnunils .is 
biiMulrs 111 pi^slKuIrs 


Copper (Cu -—Atomic Weight 63.5; Group IB Metal) 

( iippri in.iv br piisrni in vs.ilri fiinii mill.nr uitli i nppi i bi.iinn; inniiials 
111 iiiinrial wasrrs liniii i nppi i pimliiilimi It is iiinir likib, lii)wr\i i lli,il llu 
iiippn liiiinil in w.iIli will In .i )iii)i 1 iiil ol mnnsinn nl i nppri m inppti alln\ 
piping Ol litlin^s. 111 ni.is basr lirni arlilril firlibrialrK In a v\.iUi suppb itsu 
\niT loi alfrar imUiiil, as mppi I siillali Uluiimppir sullaU is adiUd fni .d[;ai 
[iiiiliiil, bri.iiisr Its solnbilil^ is Inniurl, ni ^aiiit i hrl.iliii[i in.iU ii.ils ni.i\ bi* adrli d 
III ibr i nppri snllalr fni niulalinn hi krrp llu injipii linin piri ipilalin^ aiirl 
tbrirhui, riiaiiii.ini ils rtlriiiM'iirss lliiiikiiiir w.iiti irL^nlaiiniis limit llir muni- 
Lipal watii siippK i niii i nti.ihnii In I in^/l ni.ixiiniim \t lii^lui i nni rnli atiniis 
ibr wain lias an asiiin^L'iil lastr II a wain snppiv is cniiiisnr in infipn, ibr 
lust rliawin^ oi tapping nl llu siippK linm piping wbiih has brrn irllr n\ri- 
ni^lit ina\ miirain irlati\Ll\ bi)ib cniiirnli.iliniis, anil in^rsliiin nf this wain ma\ 
i.iuse immrdiair vniiiitin^ In nidiisliial siip]ilirs. ilir pirsnur nl inppri tan bi‘ 
fibjec linnablr as it is khiosim hi ahiiiiiiuiin ( nppri is rssriilial in 11 iiam atpia- 
tiL niganisms, bring prrsrnl in hrmni\aiiiii in shrllJisli, the ri|ui\alnil of Inmii 
globin 111 htinians 

Lead (Pb'^—Atomic Weight 207.2; Group iV, Metai) 

Ihr pirsrnrr nl lead in lirsh viain iisiialh indiialrs iiintaininalimi finin nirl.il- 
luiglial wastes iii fnini Irad-i iiiitaining iiidiislii.il |iriisons, suili as Irail aisrnatr 
Hfiwrvci, lead ni.iv also apprai in watri as a irsiill oJ iiiiiosiiin nf Irad-braiing 
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aJlD\s, such as solclei aiiiphciirru, lead is aliaLkeil m ihe pieserice of 

(.lUstiL alkalinil\ 

Tlir liiiiitatiiin dh Irarl in liiinking wain has Ik'uii rsiahlislicil as 0 03 in^/l, 
which shnuUl he leailiK ai hie veil wilh ficinil hltialinn piailue In waste wains 
A\hne liail inav he i nniplexetl with oigaiiii matlei, ii nia\ lx* snluhili/etl, anil 
nxiiialinti nl the ot^aiui riiav hr m|Uiirrl Ini iniiipiric* lead leninval 

Ulhlum (LI —Atomic Weight 6.9; Group lA 
Alkali Metal) 

Jins alkaline eaith eleinetU is lau in naiiiie and si Idoin aiiah/ed in water 
llu'ii aie nn lecnirls nl evpenrnie iiidiiaiin^ lhal this in.iletial is nl inniein 
eilhii 111 iinliisii lal ni iiinnii ipal wain supplies lls sails have a wide xaiiiMv id 
use s, hill llie iiidusii lai i nnsiiiiiption is sn hiw ih.il il is iinl likeh lo Ih‘ a sifrniliiaiiL 
lacUii in the w.isie wains liniii indusiiies iisni^ tluse pindiuls 

Manganese (Mn , Mn '—Atomic Weight 54.9; 

Group VIIB, Metal) 

Mani^aiusc is picscnl in nians snils anil seiliinenls as well as in iiieiainniphic 
iniks In wain liii id i)\\f;en, il is irailih ilissnhnl in llu m.in|>ani)iis (Mn^'^l 
st.ile .111(1 iiiav h( liiuinl iii dcip well wains ai i niu eiilraiinns .is hi^h as 2 ^ 
iii^/l 11 IS alsn liiiiiiil Willi iMiii ill ami iiiiiii iliaina^e Wasie wains hnni iiielal- 
Ini^iial anil iiniiiii^ npiialiniis iui|iitiill\ cniiiaiii inain(aiiese 

Il IS an I liisiM niaiiiial in dial with Iniaiisc* id the i;ieat vaiiuv id mniplexes 
II tail Ini in depeiiilnn' nil llu o\idalinn slate, pH hiLaihniiatL-iaihniiau OH 
iipiililii la, tiiirl llu pi 1 seme id mlin in.iinials, paitiiiilarlv nnii 

II IS liiiiiu rl In 0 O') \\\ir/\ in.iMiiuiin h\ iliinkin^ w.iln le^iilaliniis heiaiisr 
lii|ilu I I niK uiiiaiinns i .iiist inaii^aiiesi depnsils and slaiiiin^ nl ])hiiiil)infr hv- 
iiitis .111(1 (Inlliin^ Hnwevi i iniui nii.ilinns eviMi less tli.iii ihis can cause siinilai 
i 111 I Is as II iii.iv .11 1 iiiiiiil.ili in ihc disii ihiilinn svslini as .i ile|)nsii. In he le- 
K.isiil ill lii^hn LniunUialiniis lain, if llu niMiniinunl shnnhl i han^t^ such as 
h\ Lli.nifTL III pH, ( O^innUiiU nxidalinii pnlenlial ni alkalinilv 

III inrlnsiij.il svsinnsii is .is nlipilinnahli as iinii, p.iiticiilai l\ in lexiilc' inaiiii- 
l.ulnie nl llu in.inulai I iii c id hleailurl pulp, sim e small amniinls nl depnsilnl 
maii^.iiiese i an slouch nil in laiist stained pindiiils whiih miisl Ix' ie)ntrd 
Rl dm Unn in h m Is .is Inw .is 0 01 iiij^/l ai e i(X]nii eil Ini 111 lam icxlili limshiii^ 
Opel alinns 

111 ihi n\iili/eil stale iu.m^aiiese is (piiu iiisnluhlc*, and laii lu Inwiied iii 
i (11111 nil.Uinii even in .in .iluiii (n.i^ul.ilinn pi ni ess h\ sii[)ii ililni iiialinii wilh 
acln|iialL lillialinii, evni ai a pH .ts Inw as h 3 Hnwevei, ihe i niiveiilinnal pin- 
less Ini iniinval nl mall^anese h> UseII is nxiflaiinii phis Lhvalinii nl the pH 
In appi nxiiii.iielv 0 0 3, wilh lelenlinn nl appi nxim.ileh '10 miniiU's in a i eai linn 
vessel helnii hlli.ilinn tilieis that li.ivi i;aiiu d a i()aiiin> nf manganese nxides 
lan wnik veiv elleilivelv, hul inav slnii\;h inan|;anese il llu .n|iiatK enviinii- 
meiil IS ladiiallv i handed Manganese is alsn piriipiiaied h\ llu miiliniinus 
appliiaiinii (d pniassium pei iii.iii^aiialr ahead nl a inan^.uirse Inini nl /rnlile 

Oi^aim mateiials can ihelale maii^aiu'st' minh as iliev ihelate non, so de* 
si I 111 linn nl the nifiamc iiuirei is dIicmi a neiessaiv pail nl llu maiif^anese le- 
innv.il pi mess 

Because man^aiu'si acLUiiinlalcs in seilnnents, il is Lnnniujii in find hi^li levels 
nt inaii|;anest‘ m dec]) walei wheie none inav lx* .ippaieiii al the snil.uc 1 his 
shnuld he sliidied m desi^nnijr the pnipei intake stiuctiiie Ini a planl walei 
supply An example nl ihis is ilhisiialed in Inline h 8, showing the manganese 
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COIR Pill rai ions in <i lake ai vaiiims nmps of ihr vL'ar and al diflereiii dejilhs in 
the lake 

Phosphate (PO 4 Molecular Weight 95; 

Compound of Phosphorus P—Atomic WalghI 31) 

rhos|ihiiriJs IS found in inain 10111111011 nnnt'ials siiili as a|>atitc\ 111 llie I 01111 of 
|ilios|j|iale (PO 4 '—t*r]ui\aJrril «\ri^|]l ^^1 7 ) Sum plios|ijiau 1 oiti|ioLJiiiJs ait 
i\id(>l\ used in IliiiIi/iis and ileler^enis, 11 is loiiinirin in find |jliris)ifiaLt' in siJl 
fuini afriuuliuial luiuilf uidi faiil\ lii^li 1 outeiiMaiions Ix'Iti]^ found 111 miiiii- 
npal wdsie uaiei, usualh 111 ihe laiige I ^-*10 in^l as IH)| (about 5-10 mg /1 P) 
Sinrr phosphate is i niiiTiinnIv hlained as ihe piiinaiv laiise of extessisr algal 
giowths, whiih Jearl lo eiiti ophii .ilioii ol lakts aiiii sii earns, a ledLiiiion of plios 
|)hale IS being hiinighr ahoul l)\ legislation it sit 11 ting the ainounl ol phosphale 
in deletgeiils and also iei|iiiiiiig lieainitiu of iiuiiiiiipal sewage Ini phosphati 
1 eninsal 

Phosphate niii\ ht pieseiii 111 ualti as HIM), ^ and ll»IM), as wtll as tlu 
highii ]>H Ini 111 P()| ' Ihe disii ibuliiMi as alleiieil b\ pll is shown in 1 ignu 
b M 

Phosphate tan bt lediiietl to\ei\ low le\ilsb\ tiiatineni wilh aliiiii siiditini 
ahiiiiinaic 01 leiiii (hloiidi, wiih a Imnialion ol nisriliibli aliiiiiiiiiiin phns pl.au 
aiirl non phospliali It ran also be pieiijitiated wiih liiiu .i| a pll om 1 10 to 
piodtui lesiduals less than 2 i iiig 1 in iht I01111 ol In di n\\ apaliU 111 ii hot 
pincess svsleiii, iht lesiduals would In kss than 0 5 iiig /1 


Manganebe mg 



Figure 6.B MangaiiLSi iniueiUiation in llu lop anil bottoin layeis ol a laki, as 
alhftirl h\ stasiiiial 1 haiiges ( hffni\tr\ uf Alfiri^nrn \( iti f akt MinriDta, Wistun 

w/i ' / ttrtfounnntfil StifHtt ami ftihnoloff\, Ihftmhei ) 
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Figure 6.9 11n ifitii ol nil till ilisli ihiJlinii nl \,iiiniis 

|)lins|j|| Ui spi III s 


1 III St |}lios[)li III |niii|)iliiU s lilt iilicii iiillimKil .mil lillr mini is ii[|iiiiLrl in 
ifliifxi lli( Inu ri siiliials s|H iifu il 

Zinc (Zn —Atomic Weight 63 4, Group IIB, Metal) 

/nil IS a (fiini|j IIB imlil luluiMiig l| 11 iu liki i.iltiiim in snlminn .ihhnLi^li nl 
c iinsulu ahh lovsii siilnlnliu m n.ihiial wait is wiili a luniial pli and ha\mg 
Iniaihiniali ilk.ilinitx (Sti lii>iiii (i h Ini ns siiliilnliiv cliaiaiit i isUin ) /mi is 
SI Idiini liiuiifl al ( mil 1 nil aiinns n\ti I ni^/1 wiili a rxpiial i niu i niralinii btin^ 
ippi nximalLh 1) O^i ni^/l Biiaiisi it ft nils in hast an astimginl lasti iis inn 
i ( nti.Lliiin 111 piihlii wall I supplies is limilc cl In '"i ni{>^l niavimnm 

/mi max 1ii pusiiii mxxalii hriaiisi nl wasu ilisi liai i^i s tinm iinniii^ iiulal 
lingual ni iiu lal fmislim|i( npi i iliniis II iii.ix alsn .ippiai In t.iust nl innnsinii 
nl iialxani/i d sii 1 1 piping h is niu ii miliiiU il m pi npiii lai x i ni i nsinn inhihitni s 
will It ils illtit nil sUil piping IS sniiilai In lhai nl ^alxaiii/iiifr 

/nil wijuld Ik irmnxril in Innt snftt*iiiiig npciannus in irsiiiii.ils will helnw 0 I 
iiifr/l 1 1 (jii alsn bt iimnxiil bx latinn tvi bailee nii iilbii ibc snilnim ru ilie 
liMliniTLii ixtit 

CLASS 4—TRACE CONSTITUENTS 

Mate 1 i.ils 111 ibis i>i niip (labli h l).iii ^iiieiallx Inimd al ( niULiilialiniis It ss than 
n 01 iii^/l 


CLASS 5—TRANSIENT CONSTITUENTS 

I his liass iiifliiclis Lniistiluents which chaiigt iii cniicI'liliaiinn ni ailixitv iinl bv 
ililiUioii, dissnlulion, in pieiipilaUini, bul lalhti b\ change's in tin acpiatu ni- 
viiniiniLiil xvhirh disinib llu c qiiilibnum I hescr i bailees ma\ cdiiil abnui linni 
binln(Tual activily, nvidatiim ledLUlinii pnirnliaL ni ladinailivi dt^eax 
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( finsiiiiif 111 

Oil Lint me*' 

RlIi imim ^ 

Antimony 
(Sb (finupVA 
\t Wi 71 M) 

ten liing til mt i illiii gii il si igs 
inlliiifl il 111 rh nils n\idt*s 

liiseikibli in jipiiniis s^sIliiis 
L oniainiiig HI O /( O /OH 
I'llleiahlt. 

Cadmium 
(C cl (finiip IIB 

M Ut 1IJ4) 

rilling v\ isUs liinilLil snliihilih 

IS ( il Nnu Kisiiuitclin 
|Nil dill w ilii supplies in 11(11 
iiig/1 111 ixiiniiiii 

Bl II lets IS 1 1 iiiil /ii (sit 
ligine (ill) i III In. pie e ipii iit rl 
isLiihniiili m 11 iiinii il li\ 
t iiimi i XI II inge 

Chromium 
(( 1 (.limp \ IB 
\i \Vi ij) 

ri iliiig u isli s ifNiling timt I 
bliiudiiuii SiikiblL IS 
(iOi (1 1 ") insnliililL IS ( I 

Null Kt suitti il 111 poi ibU III I 
supplies In IJ 0 1 ing/l m ixiiiiiiin 

IS ( 1 

\s ( iO| nxidi/ing igf m ( in 
111 uduit (1 l)\ SO III ( 1 * III 
iiinnxtflln ininii e \i li nigi \s 
(i ( nllnifl il li> rli (Ills iixirk ii 

111 nil il pi 1 like 1 ilik 

Coball 

(r n Cfimip \ 111 
\l V\l fiM) 

I'tesuil in MippLi iiifl niikil 
he inng nic i iilini^s ici iinii 

iSlLS 

Be 11 i\ 1 s IS iimi 

Cyanide 

(( N hi[ \\t Jh) 

V\ islLs It mil plilJiig simps tnki 
pi nils III isi liiiniifs pilHiltuni 
leliiiini, Null Resiime il 111 
pnl ihli lie I siip|iliLs U (1 2 iiiL, 1 
111 IMtllLIIU 

Be 11 ivLs IS ( 1 Nil lijglik 

snkilik ( in be i viili/i il \siili ( 1 
ln( NO mil N MO KtrUm 1 

III uii\ il[(l sliirigi hi idigisii 1 
Riiiiiivilik li\ iiiii 11 1 \i 11 iiigi 

1 oi ins iniiipk \e s uilli ( rl It 

Mercury 
(fig (fiimp 11 h 
\{ Wl 

V\ isUs liiiiii i leclKilMii N tOfI 
pinriiirlinn k it liitii, nl e n il isli 
NiJte Rcsiiuu cl in pill ibli is iie i 
stipplu s In (1 OOJ ing 1 in ixiiiiiiin 

\f i\ 111 inellisliud l)\ 1 iiitiiil 

11 li\ii\ mil 1 iki 11 ii|i hv lilt 
ifpi nil liHirliliiin Kiinn\iilli\ 
e losing pi ml kirip m li\ ii line 
linn mil kill iiinii 

Nickel 

(Ni (■! riiip V 111 
\i Wl ^iH 7 ) 

ri iiing v\ isle s ikiliic luiniii 
si ig III ilusi me 1 tilings 

NM be II i\ t s IS 11 nil Ji St Irknn 

pi ISI III IS \i f’leiipilihs IS 

lodinxicli mil Imsii inbnniii 
SulJiik piLiipitilis III msnliilik 
Kiiiins ibk lis 1 limn ixih ingi 

Tin 

(Sn (.rrmp IV \ 

\i Wl 11H7^ 

1 inpl III \s isii 

( miXLilirl 1(1 livdiniis nxiilt 

I nllniel il lie uli il pi 1 m m 

H( O /( () EiiMiiiiiim III 

Titanium 
( i 1 (.KlLip l\ H 

Ai Wl 17 *1) 

llnuiiiu 111 will Iniiiiiiimi 

f iiIIiikUI 1 iO Re mnvi iI Ii\ 
kill limn 


* Mr>sl IfinsliLiunL«i in ( I iss \ nt inliiicliiiid In iiiiliisiii il n isii rlisihit^is iiid iii 
mmc frinirilK Ifiunri ni snifici ill in in udi wiiirs 

t RLiiirival pTiNLWs Inr inei ils in i\ Ik hiiiili n d In ihi pif sc nrt i>l Llnliiiii^ in itLiiils 
L K f ilrari L IMA c Ic 

Acidity-Alkalinity 

1 hi l^pitdl (loniain i>l dliiiuM all naLural nau is is i haiailun/eil b\ i pM laiigL iil 
b 8 lIk. pitSLiict nf huaibiHiali alkdlinitv and soiiil C ()« dis«nlvtd in iht wale i 
All ware IS tend ro teach tins crpidibiiuni it is the tnd icsuk id tiu ilitiriiial icai. 
Iiuns that cause ihc weathering rd roiksand of ihc nxidatinn icdnilion reactions 
nliich aiL rncdiauci by aqiiatn organisms Because of this the few cxceptiiiiial 
slrtams that lontaiti free miniial acidity usually dissipate this iniiditioii by ac 
I delated wtathcimg rd the alkaline components id the links ihes Loiuail 1 ike 
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wise, when the pH exceeds H and caibcmate alkaliiuly bc'fpns to appeal, this is 
Ijiim^ht inlo halanie by reaition with laibon dioxide finm the almosphete or 
fioni lespiiation of aqualir file 

lIiiLontinlled disi barge of indusirial wasies tould wipe out this natiiial hufiei- 
ing elf Cl t of eifiidibi lum belwcLii the ai|uatii eiiviioinnent. the aimospheie, and 
the lithosphere 

Sinie legi&lalJoii now piohibiis such disibarge. iIil onl> iinumstanies that can 
lause waters to fall outside tin iiatuial londitions arc aiiideiital spills of laige 
volumes of sti ong ilicmiials, seepage of and mine diaiiiage iiiin astieam, oi acid 
lain fiom ait pollution flu iriiiu seepage may not be coiitrnllable l^eiause of 
inabilitv to locate the snuiii or the |>oint of eiilr\ iiiLo the slieam 

Carbon Cycle Conatltuantt Carbon. C—Atomic Weight 12.D; 

Group IVA, Nonmatalp aaa Hgura 6.10) 

( aihoii IS ont of thi piiiiiai\ elements of lisiiig niaitir, as shown bv the gen 
tralized fnimiila foi biomass It has been hvpothesi/ed that I'arlhs piimitive 
riiviTonmi in loniained latbon in ific foim of methane plus ammonia, water, and 
livdingen gases Mctliaiic is oiii of the laibon inmpouiids pieseiii in I he cailMin 
Lvilt (Figuic b 10) piodiiied hv fertileiitaiion of larger oigariu rnolerules Cai 
hoii dioxidi and hii aiboiiaie-i aiboiiale alkaliniiv are also piominent in the ivilc 



Figure B.10 1 he taihon Lytk 





Figure 6.11 1 lit ri\igirir>rk 


1 iracUdiis air piinirriliii^ iii rhr tU|uatif riiviiiinriiriir iii llir larhiin ivili 
Figuie b 10 

Vfrth.iiir a majni nniipDiit nl nf natuial gas, is |)iruluitrl In anaiinhii ili 
coinprjsiliini ol nt^aiiii ihriniial i f>iii}M)iinils Mi lli.iiir is gmn nil bv .iiiiii i nlm 
ririoniposiiinn ol nigaim srdiiiii ills in inaisli gasis aiiiJ I hi i tiiiii iili.iliini iii.i\ 
hLiuiiir sn high lhal ihi sivaiiip gas iiia\ igiiilr ll is iiinii irniiiiinii In hiiil 
iiiLLliaiu 111 isrll wall IS in anas wlujt iialiiial gas is piniliutil ih.iii in siiilait 
wain s 


Oaygsn Cycle Conitltuente 

1 hr most i nTiinnin i aihnn-i nnr.lining gas is cathnii ilinxiili, clisi iissi il in i ai lu i 
ihaptrts [lu laibnii rliuMrli innuni nl siii lai i waUis isgiialb nifliKiiircl In 
bacirnal and algal s\inbioLH ivislriur, illiisiialrci bv ihr nwgrn iv(lc\ Fignir 
bll Dining liTighl siinliglil, ihr phniiisMillirtii irailinns pinirtil sn r.ipidli 
rhal ihr want iiia> aclualb hri ninr siipri-satin aird willi nwgiii bcvnnd ihr 
tapaiil) 111 tlir baitriia in iilili/r If algai iri|iint: innii lailMin clinxiili than is 
availabir Irnin bailriial iLspnalinn ihr\ assiiiiilan laibnn din\idi finin ihi 
biiarhnn.ilr alkahniu, pindiuing a Iraci uf (ailMinali alkahniU ini ih.ii iiasnii, 
lailMHi rhnxidt and nxvgdi air vaiiablr in riinsi suilair supphrs, as anriird h\ 
sunlight anil ihr phnins\nlhi'lii pfiMi'ss (J iguir h 12) 

f hr plant tissur built up h\ phninsviilhrsis is inrnlualK inrl.ibnli/ril In laigri 
aqiiaiii organisms that pinduir oiganii ciiinpuiinds and rlisihaigr thrin m ihrii 
Hjstrs Oigaiiii LnrTi|Kiurids air also pinilinrcl b\ tin ilrath anri rlrca\ of llu 





Figure 6.12 DunIi.il \aiidrinii dI 

aiiirl i.iiImui fliiiMclr III .1 siJTl.i[t u.jrt't 


.ir|U.ilii pljiiis .mil lisJi Jilr ()t|r,iriii iii.illii llius piiirJurrrl liiuiimrs fiMirl foi 
|].i(U'ii.i iiiiiJ IS ii’tiii iiL'rl Id ilu rviJt .is iiulh.mc hv .iii.ilm nhrs .iiul .is i dr him 
iJidviilr l)\ .itiiiliK h.iiliMi.i 

Derp XM'II u.iirr dlirn tdiil.iiiis inei li*! iiil*/! ( ()j, .mrl iii.ix br saluidlfil uilli 
this 1I.1S .11 llic‘ li\ rlriisldlic pit^ssiiit^ .mil iriiipi'i.iliiir m ilit w.irci labk* A iliiip 
III pirssiiiL* .IS u.ilid firms .u i tiss lilt ui'll siireii iii.is iaiist‘ i1il‘ ( id (niiu' diii 
dl sdhilidii. (Iisiiipimi; lilt* iMpiilibiiimi .iiiil lU-piisiliii]^ ( .i( (){ stalu 

I br ihiMii rill .il sdliibililx iil nw^iii rxpdsrri Id llit .ilimisplirir is clrpcndLnt 
dll ibi* irmpri.11111(^1 b txress dxx^rl1 cdiiLnihalidn is rliir tii plmid- 

sMilhrsis .iiirl .i rlrfifii'iiiv is iisii.ilK i .iiisrrl b\ b.Hlriuil .iiliiilv di leiluiing 
tl^l Ills 


Figure 6.13 Snlubililii s nl 

DW^lll .mil lllllO^LII III UJllI Jl 
\.ii iiuis li iii|K I ill III rs 



32 50 68 66 102 120°F 


TEMPERATURE 
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Figure 6.14 I 111 suit III < M ll 


Nitrogen Cycle Conallluents (Figure 6.4) 

( fiiisliliii'iils (j1 I III- mil II r M Ir li,iv i Ihh ii rlisi usst iI l <ii In i \s w.is ii ui wnli 
the i ai him i vi k , tlir iiili iii'i ii i m li is iii\ iiKrd uiili 111 e in i In .iijii.iln i iimi nii 
men I 

Sulfur Cycle (Figure 6.14) 

Heiaiisr siilliii is in iIil same l.imiJ\ .is ovvi^rii ilii-ii an main i inii|iiiiiii[|s 
vslu-ie sullui 1 e|)Lif rs II 111 .1 I niii|jiiiiii(l \Mlli siiiiil.il |ji ojiri lit s I ui i-x.im- 

|>le, elhaiinl (( )l|(JI^()lh and rdnl iiiru.i|jt.m (( llrl )LSII) an .ni.ilu^iiiis 
I niii|jiiiiiirls mill nnlv the sulliii aiirl fiwi’rn alnms mtrn liaii^erl 

Ck-M(iiii hailetia can mrlahnii/e llie siilliii alum in Iniliu^tii siillidr, |iisi as 
al^.ie anil ulhei plains can iiielalMili/e nw^cn liuiii walei iii pliniosxnllirsis in 
pifidnie ht'i‘and i.iihnlisdi .ilc I hi hspindmt nl llu h.icu-iial pinirss 
nl spliltin^ HjS is her snllui 1 he i ni i espundln^ ilu'iiiUiil ei|ii.iiiniis au 


Mk-i 


C.O, 4 L' H,0 

plirMllSVIllIll M*. 

(Ji.o 1 f), + n.o 

ri') 

VA), 1 2 H.S 

Hjf lrri.il 
ai liim 

(did) + 2 S + Hd) 

Ci) 


llvdiii^en sulfide, uhuli is pteseiil in some deep well waters anrl some sla^- 
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naiil stirtaic waiters, is ^rnciall) piiMliKfd liy iUv aiiaciiihii ilcniim|Misilir)n nJ 
iir^iiiiif (ninpouiifis iDiilaiiiiiiK siilltii oi h> siillalr-rniiif iii^ bailciia lapahk* (il 
Minxriiin^ sulJali* in siiUidr ‘ 

All ol hinlnjt>iia] pirnt'sst^s lliat iniiii in naliirr lan br pul inisnik uiiilrt 

inntinlluil ioiicliliniis b> {\iv wali'i spriialisl, iti ili^rsl anil t'liiniiialr iinrlesirablr 
iiTfr.iiiiL uasiL's (H llicii bxpiinlLitts 

Oxidetlon-Reductlon Potential 

Siiiiii’ niainials iii walui aie liansifiil bciaiisL' llicv triul irt nviili/r c»i UMliicr 
nlliri uHistilUL'iiis, fillii^i lliinuy>li binln^iial aiLi\il\. as illustiaitMl bv ibc* srvcial 
biiiln^iial (\ilrs, 1)1 iliicill> 1 lii' pirstnrc nl \hvsv inalerials has alic,Kl\ been 
1 nnsiili'tril in ihe li'xl irixnin); ihe bioln^ual exiles aiul tlie iDiislilueiils lakin^ 
pai I 111 ihrse i \i li*s 

1 he tnilx sitriiifii am n\i(li/iii^ inaleii.ils erii niiiilei eil in ihe natuial enviinii- 
nieiil lhal lan pailuipali in ilieiiiical leaitiniis xxiihinii iieeilin^ a liioln^ical 
mule aie nxs^en, xxhuli is piexaleiil in siiilaie supplies, anil siiUiit, wliiih is 
eiK Diiiilei erl b\ subsiiilaie waleis iii innlaii wiih iialixe siillin a speiial silua- 
111)11 lliiue .lie nunieiiiiis f)\irli/iii^ niaieii.ils ih.ii tan appeal as le-sirliies in 
iMMieil wastexsalei s - ainmi^ these an liei* i him me .mil [liiniii.ite 

Mu uiinmnii leiliiiim; m.ileii.ils aii‘ oi^ami mali^iial, leirnus irnii, 
ni,ini*anesi. MiT^, .iiid bisiilliile, IIS , liniii ihi naliiial enxiimiment, iLiluiin^ 
maiiii.ils xxhuh max he ailileil as iieaimt nl lixpiniliii is ni x\asie iesnlues mi lurle 
.1 wide x.iiieix id ni i>ami mallei, liiinus imii limii suih npeiatiiins as sieel 
piiklin^. and siillile, piesi'iil m ieiiam kinrls ol pulp mill wastes 

Radionuclides 

\\alei ilsell is nol i .irlioai li\t', bin ni.ix [diii.iiii eli nienis ih.il .iie I hese entei 
llii walei ixili ,is w.isU's Imm iiiideai pnwei plants, l.illoul limn miileai blasts, 
m the bxpmilials ol nu lalliii L;it al piniLssin^ ol i ailiuai iixe maleii.ils In xiix 
1 ai I I .isi s, w LII wall 1 s ni.ix ( on lam i adit inn i lides i oinmon i .idio.ii lixt eleniLMils 
and llieii isolnpes .is iialui.d imil.immaiils 

111 ! walt'i iliemisl iioimallx dials x\illi i mu eiili alnnis .iL p.ul pel milliDii 
(ini’ I) levels One mole of .iiix siibsiaiut lepiesenis iis moleiiilai weight, so 
lli.il ilii [ mu eiiiialion ol mu mole pel lilei as i.diiiiin i.iibonale repieseiils 
1(1(1 1^1 .mis |)Li hill .is ( .i( (), Siiiie a molt i mil.mis h \ llH^ iiinlei iiles. MlO 
x;i«iiiis pel lilL 1 imiMiiis this numbii ol nioleiiiles, and 1(1(1 milli^iams pi i lilei 
( KM) iiii;/l) I onl.iins (i f 1 (!“'''molei iiles Ixeii.ilthi xeix low i mu enli alion lexel 
ol onlx one pail pei billion ((1 (Mil m^d), llieii, iheie .lu siill h 1(1^' nioleiules 
as I all mm I ai bmiali m .i lilei ol w.iii i ( oiii eiili .ilioiis ol i adioai lixe substaiu es 
.11 this lexel woiihl be exiiiiiulx fl.ini;eious 

In ihemii.il ih.iiii’e, one elemeiii le.iils wiili anoiliei m a pint ess iiixolxin^ 
llu ileutmis sill 1 mmdiiiL' the iiuileus, with ilii niuleus leiiiammj; iiiulian|i>ed 
Fiiei^x m.i\ be iiixeii oil m m.ix be .ibsoibetl in the Imm ol heal With luuleai 
ie.li linns, on ihe olliei h.iiul, onlx (he niuleus is alleiled, and the pioiliiits ol 

' 111 iMi h ol diese ixiles inxiilxiiii; Uiolii^ii.il .ulixilx, die i Manxes luiin iiiii> in sin late 
wall). IK iiiiiihiiioii |)i iiiiniini erl lli.iii lliiisr lie I 111 1 in^ III ili'i p x\ L II w.ilt I s llu suiiaie 
supplies .11 e 1 fiiisi.iiiilx iiini iil.iii rl h\ iiiii inlii s liiiiii llu .in .iiiiMi inn llu soil .mil supplied 
wnil siiliii ( III I On dll iilliL I li.niil, will wali i iisu.illx 1 1 piesi nts ,i ileail enil iii llu i vik, 
wiili lln walei iieneiallx li.ixin^ a Iniii* iisuhiiif nine in lln .n|nilei, wilh llie likelihiioil 
ill,It iimsi 1)1 ^.iiiisnis ha\L lueii lilleied hx Mu pniiins Ini in.iimii sii ili.il .ill ol ilie inn i nhes 
max li.ixi him lemuxeil hoin lln sli.il.i al llu well siiecu UeLaiise ol ihis, ii is imiimoii 
In liinl dial llu innsiliu ills nl die i.iihun ixili. pailieiilail\ C (h, ihosi of the iiiiiii|;en 
ixilr, p.ii III ul.ii lx \0| .mil llmsi ol llu siillin txile, pai lit li1.ii lx SO, ' and IIS aie 
iiltilixelx lonsi.mi iii will w.iieis Im llu same 11asuii. ilu iouteiitialmiis nl t.Oj. NO, , 
.tticl IIS , aie ^eiieiallx hi^hei iii deep xxell waiei iliaii m suiJaie supplies 
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reaciioii ind> mcliide nutlt^di parLiilcs (such as proions, nrutinns, or eleriimis) 
and c-ncr^\, including hcMl and rlectiomagnclic ladialion 1 he t\pual hv- 
piiHluils oi iiuilcai 1 editions, ihrn, die alpha pariulcs, elections, and eleilro- 
magneiii idiliatiims I he gt neial chaiac letistiis ol these email alums jii shoisn 
in labli b 4 


TABLE 6.4 

Typos of Rodlallon 


\lphii 

Heliuin iiiilIc 1 iliiige i-2 

C an |iiiRliaii an kul is sliippid h\ 


mass 1 

siiliils 

Beta 

Meiiioiis L haigi 1 iimss (1 

\liiiiii IDtllt Hints nitni |uiuli iling lliaii 
ilpli 1 ladiaiicui 1 an |m.iu liali J 1 nun 
intii soliils 

(wjriiiiia 

Similai Id \ ia\s 

1 III |itiiiiiiii an Ml snliils ilmui liii linns 
lit t |u t lliaii Ih 1 1 1 nil iiiMii 


Some niiilLdi itaUiniis an exlttiiitlv lapicl OKiiiinig in a split sifoiiil hut 
olhcis inav tti]uiii KHIOMriis Beiaiisi (liest ilailinns rnav nt\ci goio(iiin[iJ( 
tinii the hit ol .1 Tiiaiifial p.iilitipaliiig in .i miik.n iiaiiinii Icalkil i i.iilin 
iililIiiU ) is ( \pi esse il as the iiiiii ic (|uiie (1 loi oiu hall its i m i g\ li> he dissipaii il 
Its half lih Fetch niiikai ilisintigiatioii i.in Ik iiieasiiiiil h\ iht piiiiiks givtn 
rill lilt linn oi nil asm tint 111 is the leiiu ikhiurlas 17 ^ III'" rlisinic gi iinins 
pet sLioinl Mil IlmIs ol laclinac live disiiitc giaMon ol t oni 11 ii to tin wain iteli 
nologist an so lai below this that tht\ an ixpnssid as niiiioniu loiiiiii s m 
piioiiiiiis (p( i) a p( 1 iKing (i|iial to 2 2 disiiitcgialions pi i miiiiiie 

A \aiiLl> ol 1 aclioniu lirU s ma\ hi toiiiid in wiitis k.iving i niuk.ii powi i 
plant Mu goNtitinunr Iinnst to o|Kiat( sin h a pi nil spiiiiiis ilii piriiiulai 
iddioiiiiilirk s which must he idtiililicrl iiidiMihi.ilK I Ins rii|iiins sophisliian rl 
and paiiisiakmg analMiial leiliiiii|iics In miiiniipal siipplii s ii is not iii|iiincl 
that indiMikiril spceits hi nitiiiilicil hitaiise the i.nlialjoii k\tls an so low hut 
Ail anahsis is ni|iiinrl lot alpha i.itlialioii wliieli is assiiiiit rl to he irmiiihutirl 
h> Ka^''* beta lailialion (assumed to Ik loniiihiiti cl In slioniium and gioss 

l>cla ailiMl\ I.ihk h') shows the nIaliM ii liilionship hitwitii onuparionil 
Icvt Is and polahk walii k \ els and alsr> n lalt s ihi i idi.iiion inii nsil\ lo tin roll 
eeiitiaiion ol K.H' oi Si‘"'in llu watei It is oinioiis lhai ihi iriiiitiili iiioii lc\els 
aic lai below those lorisidtnd sigmlii aiil when dialing with non i adioai li\i 
(oiitammaiiLs Jii wjlii supplies 


TABLE 6 5 Rodlonuclido ContomliiBlIoii In Wolor 


f )tcii|iiiiiiii il k\c Is 
tiMirk t \pnsiii 1 ) 

Ri"' 

S,iH. 

pC i/l 

4 V 10* 

K ^ 11) 

ppll 

Pritdhlc Itscls (iiigt siiDii) 

1 ^ III 

1 ^ III ' 

p( iM 

H 

in' 

pph 

1 K 111 ' 

< 11) 


Ike kcavici ladioiiuc lides an geiiciallv insoluble and ma\ he ii nun id In 
(ciagnldlion and hltiation, the soluble consiireu ills ma\ lx ie*mo\ed hv ion ex 
change Miese piocesses iMMomi quite coinplieatecl whim the radioiuiiliiles aie 
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pu'scnl in vi‘i\ low iniiLentiations anri ilii liealnieiii piiKL'ss may Jirsi havu Lo 
lead uitli 11I01L Lotninnn Liiiiiainuiaiioii, siuh as laliiiiin anil niagiiesiiiiii, ar Lun- 
4eniialir>iis lar abiivt ihnsc* iif ihe iadioiiii(lules brIniL thi TarliDniulides ait 
TtMliicc'ii to ail epLabli levels 

SUGGESTED READING 

OtniLS S \ .iiicl l)tWi(.«il K f M |riJiii V\iU\ ^ Suns IMhti 

I ausi S I and If iirili I | \ ( fmpuinuiMti thf taht i m utmmt tit Mai u I UckLir 

liii I%1 

MiKii I I and Wnll 11 V\ ( tr/ftiu Stall Wain dii dil\ i miirril Hnaiil 

KisfiiJiiis Vi^tiiis 111 (aid III Ilia lOhl 
\iirdill 1 ski I Wntn Itmimnit lot hidustiitil nuti {)thi i ws Riiiihnlrl JMliI 
Kubin I Fd Itiiitnus I luttintmintul ( hitni\tn uj \ftt(il\ Sfiiiicis nirl Disiiiliiirnin i>l 
Iiaii Miials 111 \i|uiiii I imiiiiiiiii Ills Williams S 1 el al \iiii Aibui Siuiui Piih 
lislitis Inc l>)7fi 

Siiiiiiiii W nirl Miii^aii | | lifuatK (httmsh^ Jiihn Wills ^ Suns l‘)7d 
liidrl Dnid K Hu Wutu 7/irsc/o/irr/m rini Waslnni;iiin N \ Wiiii lidnrm iiirin 
(iiilii l<l7n 

I S I n\ 11 nniiii 111 j 1 ISnlirlinn Xiiiiuv \(ktiutuil Wutn {lutiht\ /inrir/rin Ki|inil In f nil 
HI i ss I J’\ 1II) d 7''i 111 1 l')7'i 

1 S 1 iivii niinu 111 il IS (III ilKin ( iiittut Iu) Watu I 1*\ I ID/'I 7li l)J 1 Id7h 

I S 1 iiMi iiiinii ni il ISnUiliiiri Vgiinv litfiuniiu mhti f m/oim Ifflunil ( mu i titifition I S 
(■(!>11 niin 111 ISiiilini* dllni ld7) 




Chapter 7 

Water Gauging, Sampling, 
and Analysis 


Kiiouiii^ iht lau 1)1 flow of \%diei cirid ihi innicnlidtioiis nl substanccrs il laiiies 
IS iicrLLsStiis li) llie si)liiti(in iil many problems in watei supply, ijuli/ation and 
iihim.ift disposal l)r\tlopniLMit ol siiili inlniniation rci|Uitt*s 
ft Mtasiiieiiunt, iii gau|riii|{, of \^alei flo^ idles 
h i nlleciion ol iepieseiilainL samples of the wain 
r 1*xaniinalioii and analysis of ihe samples 

1 Ol pui|)oses ol Lsiablishnif; usei chaises, as well as opeiating iieaLmeiit 
facilitii s and piopoitioning Ireatment iliennials iiiosl plains meter inioming 
watei supplies Ihe lolal flow as well as the How lo mdisidual processing aieas 
within a plain mas be iiUMSuieil 

Aflei lollertion and lieatnieiil, watti is usualh distiibured thiough tuin- 
pli'teh fillerl mams and pi|M*s under ihi pressure (head) produced at the intake 
Ihe iai( ol flow, then, depends piiniipallv u|K)n the difleieiiic in pressure 
existing between I he inlel and oullel, and the si/e of ihe ]Npe Ihe piessiire till- 
fiiciue establishes the \elotit\ ol walei flowing through the line Ihe late of 
flow ei|uals the i loss-seitional aiea of ihi pipe multiplied b\ the \eliHit\ ol the 
walci mo\eiiieiil through it, or 

Q - 41 

where () — volume ol flow past a given point pel unit of time 
4 = tioss-seilional ana ol the pipe or londuil 
1 = veliMitv of fluid travel in terms ol distance pei iimi of time 

Some water meters, tailed displacemeiii meters, nicasiiie How b> lesponding 
to the volume of water lliioughput A familiar example is the disc type inetci 
widely used in homes and buildings In this design, the clisplacenieni of the disc, 
usual!) by a rotaiy motion, is directly piopurtiunal lo Ihe volume ol water passing 
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Flgim 7.1 Thr tuibine mcirr is widely usrd in induslna\ plants 
to meaiure the ronaumption of municipal water where mias 
urement of flow rate is not easential (C ouitesy Neptune interna 
hemal Carparahon ) 


through the meter body 1 he disc rotation drives a gear train actuating a totali/ei 
comparable to the mileage inditatoi in an auloniobile Anoihei liisplaiemtni 
meter is the turbine type flow transmitter (Figure 7 1), in whith waiti laiises a 
multi-blade rotor to spin at a velocity proportional to flow rale 


USING PRESSURE CHANGES 

A different method, that measures flow mdircrtly icsponds to piessuie diffei- 
entul manifestations of water vtloiiiy Because watei is inLompiessd)le the 
quantity passing one point in a full conduit in a unit of lime is exatlly the same 
as that passing any olhei point, legaidless of line size restrictions or changes 
occuiring along the conduit Since the volumetiit flow is constant, the veliMity 
must iiurease wheie flow passes through a resimlion The piessuie at the 
restriction decreases in proportion to such velfHity increase 1 his lelaliunship is 
the basis for operation of widely used difleienlial pressure type measuring 
devices where the restriction is a thin plate unhee, flow nozzle, or venturi tube 
Such devices are carefully designed to be installed in the path of flow to create 
a velocity increase and a corresponding pressure decrease which can be accu¬ 
rately measured The formula for calculating flow through the thin-plate orihce 

IB 


English 

11 7S2dYVH 

where Q = gpm 

d = onhee diam , inches 
H = head loss, feet of H 2 O 


Metric 

ooi2wyv77 

mV min 

cm 

m 


/■B 1* unless d is more than 50% of pipe diameter D 
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The factor/ is calculated as follows: 



Figure 1,2 shows an enclosed orifice installation and the correct hxzation of 
the pipe taps lor measuring head loss. Flow through an orihee based on head loss 
can be determined from the graph in Figure 7.3. 

With the enclosed orifice, either a mercury manometer type meter body or a 
diaphragm type differential converter (Figure 7.4) is connected by means of 
suitable pipe laps to measure the differential pressure. 

Thin plate orifices are the least expensive, easiest to install, and the most 
widely used of the differential pressure type devices for flow measuremeni. But 
an undesirable feature, as illustrated in Figure 7.5, is that they produce a rela¬ 
tively high permanent pressure loss. The ventuii tube (Figure 7.6) is designed to 
reduce this loss to a negligible level. Venturi lubes offer the additional advan¬ 
tages of freedom from accumulation of entrapped solids. But, they are expen¬ 
sive compared to other devices. Flow noyzJes fall between venturi tubes and 
thin plate orihees in both cost and permanent head loss. 

Another differential pressure type flow measuring device, providing inex¬ 
pensive and acruraie measurement of relatively small rates of flow for dean 
water, IS the riiiameter. Figure 7.7. Vranspaient rotameter tubes have a tapered 
inner boie inireasing in diamelei from bottom to top of the tube. A metal bob 
in the lube comes to an equilibrium position at a point where the annular flow 
around il produces just the velocity and pressure difference needed to support 
its weight. The boh position alongside the lalibraled graduations on the rota¬ 
meter lube diiectly indicates rate of flow. 

Some supply water metering methods do not require the installation of inline 
primary device.s. For example, there is always a frictional loss of pressure pro¬ 
portional to water velocity across any pipe fitting in a line flowing full under 
pressure. Pipe elbows tan be calibrated, though with considerably less accuracy 
than tirifire plates or venturis, for use with flow measuring devices. 

For very large supply lines, where ihe installation of permanent inline pri¬ 
mary devices might be tmprarliral or costly, pitot tubes (F'igure 7.8) are useful 
for gauging flows. These are inserted into the line through special pressure 
fittings and po.siiioncd to measuie the velixriiy head ol the flowing water. The 
velocity head is the difference between the total head, sensed by the probe aper¬ 
ture fating upstream, and the static head in the line. Because velcxrities in a pipe 
are usually greater at the center of the pipe than along the walls, flow calcula- 


Hgura 7,2 Typical arrange¬ 
ment for installatinii of an Driffie 
to meter How rate as welt as vol¬ 
ume. 




1 2 3 4 5 e 7 B 9 10 2D 30 40 60 BD70BOBD1DO 

DIFFERENTIAL HEAD—FT Ol H,0 [NOTE PSI a 2 31 - FT OF H.O) 

Rgura 7.3 I Inw ihrouffh oiihcc plaics Imsid on dilkrt iilial head 

tions are based on the aveiage of ten veliMUies measuiirl al spccifii IcKaliiins as 
the pitoi traverses the diameter of the pipe Ihis aserage ve1ocir> muliiplied by 
the cross-semonaJ area ul the pipe produces the \oliJinetiiL flow 

Mslhodi Not Rolotod to Prooouro Drop 

A supply water metering method not requmng ihe iiisiallation of mime pri¬ 
mary devices is the magnetic flow meter (Figure 7 M) Oileiiiig no ohsiiucrion ro 
flow, magnetic meter Irbies are not subject to fouling by sedimcni as are differ- 
enlial pressure type pninaiy devices Ihe principle of o|K‘iation is based on 
Faraday's l^w of Induction a Londiictor moving through a rriagiietit field pro¬ 
duces a voltage proportional to the velocity of the conductor 1 he water flowing 
through the pipe is the conductor, and an electrically energi/ed coil produces 
the magnetic field Ihe induced voltage, proportional to velcKity ol flow is 
measured by electrodes in contact with the water and transmitted to a meter that 
converts the signal to flow readout, taking into account the pipe diameter as a 
constant in initial calibration of the meter 
Another technique, applicable to occasional flow measurement in laterals not 
equipped with meters, is the measurement of the velocity of an additive in¬ 
jected into the line Ihe injected additive may cause a measurable increase in 















Figure 7.4 DiHpreniial pressure 
lell used to enliven head loss 
ainiss a mctciing element into a 
si|(iidl lu aitivatt a recording and 
inlegratiiig deviie ({ourlfr^ fhe 
haxhoro ( ompaiiy ) 



tiiniluiiiviK, such as b) sodium thloiiile addition, or an increase in color, such 
as b> cl)e iii)eLlion 1 he sail nr dye is injected in a slug iiiiii the line upstream, 
and the tiavel ol the salt or dye cloud is larcfullv timed l>etween downstream 
sampling points a known distantc apait Ihe conductivity chart example shown 
111 Figuit 7 10 illusiiates the measurement ol passage time between the recorded 
median condurtisitv values ol a dissolved salt slug flowing past two sampling 
points Foi dve iii|eition, similar charts can be obtained through the use of com- 
mcitially available lecoidiiig Huoromeleis 

Where none ol the preceding methods tan be used, it mav be possible to 
appi oximale suppl} water flow on the basis of line prcssuie leadings and pump 
tuives, draw-down trom a supply Lank, or by electrical ampeiage diaw of the 
suppiv pump molor Ampeiage readings can be lonverted to approximate flow 
discharge values horn tlie pump curve normally supplied by the manufacturer. 
Newel plants piovide permanent facilities for measiiimg wastewater How as well 
as waier supply Many older plants lack such devices In eithei case, wastewater 
flow IS often quite difleient from raw water supply m that it may be collected in 
open sewcis ni flumes insiead of closed piping 


ORIRCC METER 



J. 

D- MAXIMUM PRESSURE DIFFERENTIAL 
P- PERMANENT PRESSURE LOSS 


FIgim 7.5 Compansori iil dif¬ 
ferential head to permanent head 
lens for flow through an oiillcc 


\/ENTLJRITUBE 




D- MAXIMUM PRESSURE DIFFERENTIAL 
P- PERMANENT PRESSURE LOSS 
FLOW IS PROPORTIONAL TO SQUARE ROOT OF 
PRESSURE DIFFERENTIAL H, MINUS 


Hguro 7.6 Diff creniial head and 
permanent head loss fni How 
through a venturi tube 


Msasurlng Wastowalar Flows 

Measunng these flows of wastcwaier often thallenges the ingeiiuil> of the 
expert The stieam mav flow through subletrancan seweis diflirult of access A 
careful survey of the sewerage system mav re\eal |uiictioii ftoxes anil manholes 
where some type of measuring cleviie mav be instalUcl WhLirscr scistrs pipe 
lines and lienchcs are accessible accurate measurement of Hou is possible Some 
of the desues and prtKeduies used are listed in lablc 7 1 
Weirs are used Irequenll) because of their simplicits and re lain c case ol use 
in wastewater flow measurement 


FIgim 7.7 typical rotameter 
used to indicate rate nf flow An 
output signal can be provided for 
remote indicauon and lecnrding 
ff aurtrsy Fijsrher Of Porter Co) 




Water 


AiMlyate 7-7 


IMPACT 

(HIQH PRESSURE) 
CONNECTION^ 


STATIC 

(LOW PRESSURE 
CONNECTION 


Rgurs 7.B Pudl tube insialla- 
tiun, shiiwinf^ lonncLlions For dil- 
Fcit'niidJ head measurenieiil 
fr rmrlesy Fhe tnxhoru ( ompatiy ) 


(.Dinmonlv used wlmis aie eithei the leclangu^ai oi V-notch l>pe Rcctan^rular 
}M'\TS aie appliiahle Ini Hims nf 1110-4000 Rpm (0 4-15 1 tnVmin) V-nr>uh 
urns are ninri aituiale at Inwei flows and aie widely useil loi measurements 
111 the 20-100 frpm laiige (OOK-15 I iii'^/min) 

Plow IS prtipnrlinnal to the head of water above the lowest point nf the wen 
opening, as shown in Figure 7 11 Head may be measured manually with a 
gauge OI aiilomatiiallv hs Moat meihanisin& IvpiLal design of a weir box is 
shown 111 1 igiiie 7 12 

III the use ol wens lot wasiewaiei flow measuieiiiLiit, taie iiiusl be taken to 
avoid the ait umidation ol solids in the botlom ol the box behind the wen 
Paishall flumes aie used hii incasuremeni of flows m dilLhes and open ihan- 
nels while only sery small head chops are available These piovide good ai- 
iinaiv ovei wide flow langes Ihitlei niinnal freeflow condilions, for example, 
a Parshall Hume with O'' ihroal width will aiiiiiatelv ineasuie flows ranging from 
45-2800 gpm (0 17-10 h in'/min) A fiiithei advaniage is that this Hume design 
oHiis no naps lot debus lo set lit 

TUBE ISOLATES 
ELECTRICAL COMPONENTS 


Flgura 7.9 I he inagiieiu mciei 
provides For unnhsiiuited flow, 
iiOcfiiig dilvdiiiages m meiemig 
sludges f( ffur{f\y Jhi Fuxbfftnisom 
pany) 


LEAD 
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VELOCITY IN PIPELINE IS 


till 

WHERE x IS DISTANCE BETWEEN 
POINTS 1 AND 2 


Rgurw 7.10 The Luiiduitivii\ 
nirrhnri iii Hiiw mcasuieinc-iii ic 
quirps I aie in sluggiiif; and ini-as- 
uiiiig ihrmiLdl innccnliaiions 
I his piiiviiJcs niih a singlt inras- 
Liipiiiriii ini rath applicaiinii, hui 
isu«t'lulin tsiahlishiiigHim daiaiii 
iiiaiLcssihlf* sfweis 


7 l.S illusirales lypiial Parshall Humr design Pirialniialed flume Inins 
lan he puiibased in rilmnsL aii\ leqiiired si/e J he linei (an simplv he* used as 
the inside fntm for a iniuiele sliuduie. ssilh llie linei ltdi peimanenth in 
plate hni tem|Mitaiv usi\ wnnil iimsltiulinn in.iv Ih: empln\ed 

Mtm IS piiipcnlional in the head (depth) nl vsalei in llic itinviiging srilinn id 
the flume, iiieasuied tHri-ihiids id the length (d the con\eigiiig set lion upsiieaiii 
(d ihe till oat hhm \eisus head ineasuiemenl, fin a thinal width lliinu. is 
shown 111 Figuie 7 1 1 

I heie air a iiuniliei id iilhei fluine d(‘signs iiiiluding lmsiK insiallid pii lalni 
lared libcn glass fumes suih as illusliated m ligiiie 7 15 

1 nr autninatiL ineasiii emeni nl head at llumt s and wens ol iiinst \iIik lu s .mil 
si/es, relalively mevpi'iisive msliumeiils with suilahle iliaits anti flnw inlali/ns 
are n'adily asailabk Ispital Hnal atluaied insiinineiils an pidiirid in 1 igun 
7 111 

Ini itieasuiLiiient (d flows in laigei thannels, leieiMiig siiearns, .mil nvirs a 
useful piocediiie foi appioximatiiig flows is in taliiilau llu aseiagi iinss sli 
linnal ai ea td ihe stieain nvei a selecltd segnuni nl known length, ihin In di np 
a suitable final iriiothe walei iipsirrani nf ilie seleited tesi segmi ni, and nii.isiiiL 
the lime ie(|uiied Ini the Hoat to tiaxel the known leiigih nl llu lest segiiu nl 
In miriimi/e llie efleils nf wind the final shoulil he .iliiinsi sufiiiii i gt il lot 
sudi sill fate finals, il nothing is known id veloiit\ disliibulion liom Inp to bnl 
tnni nl the siieain, mean velnciU is iisoaUs assumed in be I) K nines llu sin fair 
\eloLit> Iheiefoie. flnw mas lu lahulaled as Inllnws 

Flow (ifs) -OH Float Velocitv (ft/set j x Slieam (.loss Stilion (si| It) 

Flow (niVsrt) = 0 H X m/st'i x m“ 

TABLE 7.1 Msthods dI WastawBlsr 

Flow MoBSuromoiit 

A. For open channels 

1 Wens 

2 Fliiinis 

1 1 Inal tiniiiig 

B. For discharge from open-end pipes 

1 Disihaige 1 iniiiig Melhiiil 

2 (.ap OiiliiI Mtihnd 

H ( iNjiflinate Measiitemerii 

4 I dlifoniia l*i|X' Meihnil 

C. Indirect methods 

J (.hemual (.nnii iiiiaiinn 

2 feiiiperdturr MeasutiMiieni 
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Figure 7 11 I lim ih.iiis Im 
uiiish.is((l nil Will I lixl iiitiis 
111 1 lllLlllS 1 111 pl[l1 Ini ihi I LLlclll 
^ul It iir (.111 hi usi (lint siinirilt* 
ihf Him nvii d tl.iiii nr n\ii iht 
iiinlni in spilling(.il^i iil .iilaiilii i 



WATER HEAD (INCHES) ABOVF APEX 
FORTHEV NOTCH WEIR ABOVE 
SPILL EDGE FOR RECTANGULAR 


Open Pipe DIechargee 

I oi o|K 11 |]i|H (lisihaigi ilir siniplisi nirlhorl is the ihsihaigc liming inrihuH 
I Ins is .nl.ipLihli^ m mimII Mows usii.ilh iinikr SO gpin (0 1 inVnun) where it is 
|ii)ssiliU In 1 lUli llu ilis(li.iigi 111 .1 iniilciiiiM of known Lap.iiiU Hit ioiii.iiiut 
IS pul iiiuIli llu w.isit ilischriigi and llu lilliiig is linud tins is it|K*aled al least 
lliiii Hints 

Ini laigii \nliiims of liii llnw liinii vcitual pipits into iipLii sumps, aiiothci 
siiiipk How nuasiiic nil n( Uchnupu is llic usi of .i iliilliil ami iKvtkd pipe tap 
oiilifL 1 ignit: 7 17 

llnw IS .1 liiiKlion 111 llu piessiiit diHtiinlial aiioss iht oiiliti- Siiiie iht 
Mow ilischaigts lo aimospheii How loi this tlexiit is siiiiph piopniriniial to iht 
stjuait mill ol ihi gauge jiiessuie iiuMsuitd I he How ihail piiMoiish gixen 
loi ihin plait 111 Huts tail Ik used (ligiiit 7 

lilt ititiidiiiait mtasuieniLiil mitlind is used to tsiiiiuit How iH wasit fioni 
llu end of a hoii/onlal pipe, wluit il is possible lo obseiveall oi p.iit ol the liee- 
lall disihaigt No ilevues oi ei|uipiiuiit insiallalioiis an needed with this leth- 
iiiqiit ligiiiL 7 IH illiisltales irNiiiliiiali measiiiemenl and How calculation 
I hr (.aldoTiiia pipe method is a ulatively aiiuiale mrasuiemeni which 
utilizes i>|M‘n-cnd disthaige liom a hoii/oiilal pipe segmeni having a Ungth 
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HOOK GAUGE FOR MANUAL 
MEASUREMENT OF HEAD OR 

USE stilling well and 

FLOAT INSTRUMENTATION 



DIMENSION A-V NOTCH-12 MNIMUM 

-RECTANGULAR-AT LEAST 
S TIMES THE HEAD |HJ 
DIMENSION B—ABOUT 1B 
BOTTOM OF WEIR NOTCH MUST ALWAYS 
BE HIGHER THAN OUTLET TO INSURE 
FREE DROP OVER WEIR AT ALL TIMES 


V NOTCH WEIR RECTANGULAR WFIR 

DETAIL DETAII 


F 1—0-^ F 

— ^ 

' h 1 


7 

'I^G—jiH 


j 


METAL 

1 

METAL 

EDGE 

i 

EDGE 


J - AT LEAST J TIMES MAX WATER HEAD 
ABOVE NOTCH APEX 
C - 90" OR 80“ WITH F » 45“ OP BO 
RESPECTIVELY 
E- AT LEAST 0 75 D 


WEIR MAY BE MADE OF 18 OR IB GA GAL VANIZED 
IRON FASTENED TO WOODEN PLANK PARTITION 

G * 4 ro B TIMES H HOOK GAUGE 

I - AT LEAST 1 5 H _ 

WEIR MAY BE MADE OF 16 OR 18 GA V 

GALVANIZED IRON FASTENED TO 
PLANK PARTITION 


DIA HOOK ROD 
POINTER MOUNTED ON 
MOVEABLE HOOK ROD 

YARD STICK ATT ACHED 
TO BACKBOARD 

CONSTRUCT SO THAT POINTER READS .. 
ZERO WHEN TIP OF HOOK IS AT 
LEVEL OF NOTCH APEX OR 
SPILL EDGE 



Figure 7.12 

HLIl InIX 


DiislrLjcliitn ikl .1 


rquivaicni lo six pi|>c cliamcirrs hoi cxamplr, a loui-inih rlianieiti pipe ustd 
loi this niethiirl shnulrl Ik* at kasi 24 niches 1oii|r liguie 7 IM illusiiales tins 
melhocl of Him incasutenieiit hipriiu 120 pints How versus nn asured waiii 
depth and pipe ciiameier 

The rhemiLal toiueiuiaiinii tCLhiiique, which is appliiable tii cithei open ni 
closed scwei systems, employs fixed rale* iiqeitioii of a suitable (luniical into the 
Howiiig stream and testing downslieam loi the rc'sulLiiil toiiLeiiiiaiioii of that 
(hemicdl How may then be appi nximateil as follows 

2000 / 
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where Q = flow, gpm (x 3.785 = l/min) 

/ = chemical injected, Jh/hr (X 0.454 = kg/hr) 

C, - upstream concentration of chemical 
(same chemical as I). mg/I 
Cz = downstream concentration of chemical, mg/1 
2000 = conversion factor 

1 he chemical selected for injection must be readily soluble in the flowing stream, 
should be compatible and non-reaclive with other ions in stream, and should be 
easy to analyze with reasonable accuracy. Care should be taken to allow adeijuate 
mixing and distribution of the chemical in the stream ahead of point of down¬ 
stream sampling. 

Start with a chemical injection rate calculated to give a 100 ing/l analysis 
increase for the estimated fliiw. Using common salt, for example, approximately 
5 Ib/hi injection per 100 gpin flow would be required for 100 mg/I increase in 
NaCI reading. 

ESTIMATING INDIVIDUAL FLOWS 

1 here is a simple method used lor measuring the flow's in tributary streams 
w'hcn the flow' in the roinhined sewer is known. 

A common variable, such as LOiiductivity or temperature, of all streams is 


FIHAI CaBII U) INbUUMEN 



i IfItSTi 

r^i riouB ^ 





FIgurw 7.13 CnnsiruLiion uf a Parshall Hunie. 



PLOW — gaiions pu 
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Figure 7.16 J\|iiial Uvil mtaNunii^ drviiis liii wins anil flutnis 
ff ourtti's 1 n)paifi / Imtfumints Im ) 

will It (1, Inlfil flow liUt 

0| fiisl liihiilaiv Mi)W I alt 

SLiniirl liibuLiix flow ralr 
X 1 fiiicliii ii\ ii\ 

/ U m)K latiiii 

Siilisliliiiin^ and siihin^ Icii th« laiiu id 0| lo (1 

U’ (^1 

I rn i\aiii|)li 

Mam sticam Him ((^) 4dH |i>piii (1 KM inVmiii) 

Mam siitaiii i inidutli\il\ (Xf) — 1120 /u.niliu 
iTihuirHV 1 LiiiidiiiliMl> (X|) - ] tOO/ aiiihi) 

Iiiliiilai> J ionduitiMi\ (X ) — '140 ^mhii 


I120- jl0_ 
Q2 lion 1120 “ 


Rgure7.17 Simpli npcnoiiliic 
Lap mcrasurcnipiil ill Him In a 
scwei or open reiciver 



ORIHCE BEVELED 
45” FOR SHARP 
UPSTREAM EDGE 




I 

I 


C/L- 


Y> 


I 

I 


FLOW (GPM)'I BOO 


X|S) 

V^Y 


\ ' 


'' \ 
I I » 

r^. I 


WHERE 

X-DISTANCE IN FEET 
Y-DISTANCE IN FEET 
5 > CROSS SECTIONAL AREA IN SQUARE 
FEET OF THE PIPE OR PORTION OF 
THE PIPE RLLED BY THE STREAM 


ngure 7.1 B Measui ciiieiiis 
nrrilpfi In iiieasuir II nw liy I hi* 
iiMndinjlp iiipiIiinI 


1 he How uf LijbiitdM 1 is lalLiilatecl as lollous 

x(l 


O - 

(ii + Q.i 


il — y, ihcn (>| = 2 0 » anil 

^ 2 (Iw ^ 2 O’) 

Qi + Cii 2 ()t« + x ’ Sir* 


y, -^-|p ^ iiiViiiiii) 

- V)H - = IhS ppm (0 U2 inVinin) 


SAMPLING 

1 he success nl an eniiie is.ilci pinfcct may depcnil nn ihe Lnlleclinii iil a lepre- 
semalive sample In iiiiisi walei supply syslrnis, lliis is laieh a piohlem 1 he 
compusiiiDii oi the supply ssalci is selcifim siibjeil Kit^ilher coiiliiiunus ni suclrlen, 
instantaiiLiJUS varialirin i^\eii a siirlace vsatei ililiUeil by a sprmp ilowiipniii 
will usually thanpc ^Taclually emuiph sn ihal the uatei lieaimenl plaiil (ijieTalni 
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Flgurs 7.19 Measiiiemeiits 
needed fur the California pipe 
method 
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10000 


1000 


I 


ion 


Figure 7.20 1 Irm ili.iil Irii 

( ■ililiii iiifi pipe iiulliud 


ID 


CALIFORNIA PIPE FLOW METHOD 

A - INCHES ABOVE WATER LEVEL IN PIPE 
D - INCHES PIPE DIAMETER 



tail copi uiili It lit iiiusl bi await i»l past Lliinaliilo^ual bistinx aiirl must 
silitdiik s,ini|)iiii|i liasifl im tlir wiMliiriiii.iii s piriliitiDiis ol laini.tll 

Soiiii sijppiiL's lliiituatt luMaiist* iIr Kmn i>i plant diaws nii sexual wells 
id ildliiini (iniipiisiliun .inrl thist wtlls max ml in and r)iil llepl‘lldlll^ tin 
ilLMii.md Ill'll, tun. It is iisiiallx pussiiik In aiilit ijiate when the Lliaii^enx ei in 
XXells max iiiiui sn that sampling can be stlieduled aunriliii^lx 


SUSPENDED SOLIDS 

VViib these lelalixeix iniistaiit ipiaiiix waiei stiearns, the pieseiue ni suspended 
solids max bi one id die lailnis lecpiiiiii^ special cate in sampling In die dis- 
tiibiitioii siis|M'nrli il snliils liaxe a leiidein \ in naxel along die pi|)e wall, 

so ilial a saiiipk pipe with its openingiii lliexxallnf the rlisliilnition pipe max nap 
mote siispenileil solids lliaii xvniild be lepiest ntaiive id die waiei Howingllii ougb 
the pipe So, while sus|x*ii(led stdids loiileni is impoitanl, as m iiulustiial 
[nniiensau svsiems, the sampling line should pi oli iiile into die ilim of die stieam 
A similai siiiiatioii dexelops in open disliihtilion Miiines il Hoating mattei is 
})ieseiit hlusliiiig of lines and iiiising ol coniaineis with sample are alwavs 
necessaix to help assiiie thawing a iepiesentalive sample once die iDirect 
piiixismns base been made foi the sampling line 
Sampling xxastexxaiei lotreiilv in an inclusliiai complex olleii lequiies 
iiigeniiitv 1 list, somelhing inusL be known about the sewei system in seletL the 
best sample location Fin example, il the sewei pipe u not coinpletelx hlleii, 
there may Ik* thiee sliaia m the llowiiig xvatei the upper conuins floaling 
inaltcr. the lentei mav lie iree ol Hoaiiiig maltci and sediment, and the lowei 
lonlams solids that have seiiled in spite of the velocity through the pipe, truly 
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representative sampling could conceivably require turbulent mixing upstream of 
the sampling location. UsuaUy a compromise is made berause mixing may be 
impossible; the person doing the sampling must, decide whai data are the most 
significant for plant control purpose's. 

ASSESS VARIABILITY FIRST 

A first step in deciding on a sampling schedule is lo determine an iiistrumeiital 
profile of I he stream in be sampled. One procedure is lo install auioniatic record¬ 
ing CLiiirliJctivity, pH, and Leriiperature instrumeiiis al the f>«iiil to Ik* sampled— 
to operate over al least a 24-hiiur period. If the results show wide fiiiciiiations, 
iheii ihe rrequency of these Hiictiiations can he used as a guide lor .s;inipliiig 
intervals. There may he some periodicity in the readings, indicating a repelilive 
operation within the plant; il so, this should he investigated. Ifl the readings remain 
relatively steady, samples can he widely spaceii. 

In the absence of eonliniioii.s recording of coiuliictivily. pM and temperaliire, 
manual samples should be taken following a checkerboarti schedule, illustrated 
by Table 7.2. With this program, which requires data on water flow rate, .samples 
are obtained every hour for a full operating day. 

Karh .sample should be checked for conductivity and appearance. Those Irmnd 
lo vary widely from the nonn should be checked lor pH and temperature. 

A measured volume of each sample should then he taken in proportion lo How 
rate past the point of .sampling al the time of sampling. If a iujinl.K*i ol seweis 
How^ into a main sewer, then the checkerhoani scherlule shows ihe ineasiiicil 
volume of each sample to be taken in proportion to the How tr> make an 
hourly plant composite. A more complete analy.sis i.s then made on ihe composiie. 
Following thi.s procedure for the whole day, a graph of analylical riaia plolleil 
against time of sampling provides a clue lor cherking plant records to see which 
plant operations may have caused the deviations fiom normal t diuIik liviiy, 
pH or leinperaliire. Table 7.2 shows a checkerboard sampling program wiih live 
.sampling jKiiiiis on tributary sewers leading lo a lommim lolleclion main. 
For such a program to he siurcssful, the How rate through each lateral must 
be known either hv mea.siiremeiit or liv reliable esiimale. 


AUTOMATIC SAMPLERS 

A variety of samplers are available, die choice clt’|>i'iidirig on the water source 
in be sampled. Samplers for surface waters can oblain samples from wlialevei 
depth may be desired. A complete program for siii fat e waters would iiiclurle 
sampling at a number of elevations from surlare lo lioitoin (Tigure 7.21). 

Wastewater .samplers have special iharacierislic.s depending on the nature of 
the waste. Some of these devices, .such as that illustraieci in Figure 7.22, are 
designed for |)laceiiient in a calibrated Hiiiiie, such as a Marshall fliime: the 
.sampler is shaperl so that the volume delivered on each cycle lo a .sample con¬ 
tainer is proportional lo the How. 

Other .samplers, such as iliri.se illu.strated in Figure 7.2'^, operate on a limed 
.ser|uence, and the ideiuification of each .sample mu.si iheri he referred to a How- 
mcler chart so that a How-proportional rromposile can be prepared from the 
individual samples. 

Electrical, mechanical, and pneumatic samplers are available. Great care mu.si 
be taken in the selection of the proper instrument for sampling based on 
knowledge of the operating conditions within the plant and the nature of the 
wastewater being sampled. There is certainly nothing more frustrating lo a water 
survey team than to set up a sampling device and to return 24 hours later to 



TABLE 7.2 ChMlcmboaiil BampUng 

(Note 1 ml of sample collected for each ypm of stream flow) 





Station 



Com' 


1 

2 


4 

5 

liital 

“ po&ile 
(hourly 

1 IIIK 


Mrm rate al rimt iif 

sam 

plin^ gpni 


“ plani,* 
ml) 

0 A M 

K) 

10^ 

70 

0 

JHO 

170 

370 

10 

2 

00 

^ri 

75 

175 

107 

107 

11 

H 

00 

100 

bO 

175 

111 

411 

12 niNHi 

h 

00 

rto 

0 

205 

445 

445 

1 P M 

10 

0»j 

fi 

10 

IfiO 

120 

120 


10 

10'- 

ri 

25 

175 

fhO 

IbO 

J 

1 

100 

50 

f5 

171) 

35b 

35b 

4 


110 

150 

ft) 

lh5 

4b0 

4b() 


(> 

IbO 

IM) 

10 

170 

ifb 

4Ui 

b 

10 

105 

105 

50 

2(M) 

4h0 

4b() 

7 

I'i 

lit) 

no 

55 

210 

1H0 

480 

H 

‘2 

00 

00 

70 

100 

M2 

442 

0 

1 

7i 

75 

70 

105 

I2H 

12H 

10 

« 

bO 

bO 

15 

170 

i4i 

341 

1 1 

10 

105 

105 

fO 

IbO 

105 

105 

12 midnif^ht 

12 

120 

120 

40 

Ib5 

117 

137 

Averaifi 

77 

Oh 

Of 

)b 

170 

117 

417 

Dailv lonipnsilL, f 
ml 

12^ 

ro5 

noo 

575 

28b5 

b5K2 

b5H2t 


* FloiiiK plani (finipfisites (H Sent s iir Hiiii/imial) ate takiii b> iviihdid\%inf( linni 
rath bolllt- a \rdijnir |>n>|MiiiifHiaJ In Him al iht liiiu i>f sampliiif^ (fur rxaiiiplr, 
1 ml/gpm) and taih individual vaiiipk is rxaiiiiiird fur ikIiii and mini and 

Lhtiktd Ini pH IDS nr Uiili I In tninpiisilt iiiav ihin bi anabrid Im olhti mn 
stilurnis till txainplt nil If iht inmpusilr is inn small usi 2 ml/gpm ni innir to inakt 
a laif^i I i iiinpnsiiL 

t IKiiU Lniii|njsiie ai caih sample slaliim b\ ilit saini itilimqiie 1 hrsL mav bp mnrr 
L\tc-iisi\Ll\ anaU/rd Ini BOD COD mini lal i iimpniirnts sjh iial loxiianis (Inr rxaiiipU. 
i>aiiifle finrii a ithiitis OMrliiail) lU 

'I. 1 h( lioiiiK innipnsilrs mas bt i nmbmc'd as a daiU lulal plain ininpnsiit usiiif^ the 
iLsiilut alici lists havL btcniiin iml luiiibimii^ nii a piiqNnliniial basis Ini txainplt if 
niil\ 101) ml has Ik in iisi il loi aiiaivsis im isiiii mil ' nl nii|iiiial vnliitiu nl iMtli hniirb 
timi|Misilt tmiibmt and list as Inial plant iiiinpnsili Im niit das 


linil ihi s.impk' ciiniaiiu-i tiiipis iKiaiise ilir tlrviit lias laikd thiim);li lack nf 
pnwi'i nr li) tlti^ffing nl iht* wain ihaiitirls ni pints 

Oiiie thr sample has hem taken, the person respnnsihle shnultl make it itain 
nhseivaliniis anil niiasui eineiUs heloie sendin)r u m the lahnialniv 1 hese obsci- 
valinns shniihl iniliiHe appi.iiante (tnlnr, ha/iiiess, tiiihirlilv, presenii nl Ifoi, 
nil on suilaie), ixlni, anil iiieasufeiiieiirs that are valid niilv nn a fresh sample 
(temperaiure, disstihed ox^^en, and pH) 

1 here are inanv leferenit l>ooks on water analvsis piinediires, some of whiih 
mthirie simplified lonliol tests as well as siandanl, or referee, methods 

fable 7 lists t>piLa1 melhods of anal>sis used Inr (onliol purposes and in 
field studies Most cmiliol labnraloiies in muiiiupal and indiisiiial plants are 
e(|uip|X‘rJ Id loniliut these aiiaivses In doin^ siiive) work m in pirniilitig 
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Figure 7.21 I his sdinpUi nsiil 
till sui (air udU i siiiilips is Li ippi rl 

III iIdSI d\ pi tMllll'l lIllllLll (lipih 


tf'chnii.il servur. mrist u.ilei spiMUiIists h.iM ininiaruiJ/(.‘il aii.ilMiial Lipiipini iii 
sri that mnsl ol llir losls sliiiuii in lahlc tan In* iniirlni tt*il iisiiii^ pinldlih 
lest kits ( 1 * 1 ^ 1111 ' 7 21) P\aniplcs uf lln* stittLss th.n lias bctn ailiiiM-ri in 
miniatuii/injr equipmc^nt fni pnrlabilitv ait' ihi* spt*r tiiiphrilnnirtri, shnvsii in 
Fif^uip 7 2^, anil the meinbiane tpihiiiqiic' foi baLtenoIn^u.il iiniiils shrnvti in 
Fifrure 7 2fi 



Figure 7.22 A samplet iistd 
In iihidiii lliiu-pi n|Niiii(inecl 
samples liiim a flumr 
{(.oujtfsy l.quipment 

LftTpfnatwn ) 


Watsr Gai 
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Figure 7 23 \ pi rigiaiiiincrl s unplt i nhl lining iiili t milli iii sewsamples 

[hi list 111 i il>l( 7 \ (Jries lint iiitliJilt spitidh/trl test (i|uipiiiLnl suih as 
c iH 1 osiiiii nil U I s I f)i I iisiiHi I iiiipniis siL am ipialils iiu It 1 s iiitipll i rnuliu tiMl\ 
mil ii mpeI luii i ILi i>i ill IS 

Mans III lliisi analMual uiiiliol |jiiHiiluits au mriihfiialums of similaiil 
iiulliofls aiiiptahU ti) u^;ulatnn atriums When a sample is takin toi iiiotrl 
(Miiposis simdaicl iiullmils must ht iisi rl mil ihi samplt is iisiialU sinl In a 



Figure 7.24 Out ispt ol poilalilt lalHJiatiiiv used fui liclil and plain sur 
veys anil (ur mnnilnriii^ sciviies 


H Figure 7.25 \ iiijiii.iiiiu sjxi 

liitpliitUMiiiii I Lisirl fill I wiik 
\ IIuh rif aii.tl\sis iii ihi lalxii i 
ifii\ 111 III fit 111 siiiilits {( uiittfsy 
Hau ih ^ I (mb ) 


ivaiiT liilirirtiiui\ fiilK (qiiippMl in iiillnw ilusc piiutdiiiis 1 11 slii)v%s 

lliL appliLLitiiiii III t(|iiipiiunt iv.iilahU loi iiiiKsis nt watii .tml w iK i 

fiiiniicl cic piiMis 111 sill h a lahotalniN 

C hiiiiu jl aiialvsis 1 niiMiiualh iati iii w t liallui^is in aruiU uati i ««iipplits 
■uni wasu diMliai^is Nnt is llitii a lui rl in nuasuit i hinirld 

s|x*(tium nl ^ald iniisiiuidits but .ilsn Inwd i niiu nlialiniis aic bi in^ 
iiiLasiiicrl In mid llii iiitd fni lapid an in ale iildilifii alum nl vvalii ini 
piiiiiRs nisli iiiiu iilal Id liiiKpiLs aic bt innini^ inni i inipniMiit 

Mam rdhniquLs fni aiial\/ni^ ilu inni^aiiii mnslihidils in w ild .inri wash 
wald die Will eshiblisln cl .nul haM bi in inniinnnlv iisiil Ini niam \tiis 
lloudd Id hnnln^ual ail\ iiui s in aiiaUliial (liLinisti V an i nniniiialU ui iiiniT 
new and iiinii sdisimi tdhnii|ius and nislinnidils Ini nuasuinii' ilnst 
iiini^aiiii innsiiluinis Ilu sc .idvniies iniiplid v\illi ibi rid p iniiuin n\d 
the luallli 1 fid IS nl iiiLain nf lliist iiiiiii’anii niiilLii.ils .il \d\ luw iDiicdiriii 
linns 111 diinkniLr wald ainJ Innds dial iidissanU iiniu in innlaii vmiIi v\ald 
itsiill 111 1 dinsiainU iliaii^ni^ sialt d die ait in aii.ilvin il ihtinisin 

Re (dilb Linpli isis nn ide niilMii^ aiirl iiieasuinii; ni^aniL innsliiiients in w lUi 
has lxe 11 iinriasin^ Hm iiise nl pfl\slnln^llal umicins du vnluiiu nf .uii\ii\ 
in rn^aiiu finahsis cd v\ald eniiliiuits in ^inw \ldinnf;li advaniis aie btin^ 
nidele kiirjwlerl^u in tins ana is liiinlLd Ktctni tiUanus in i^as mil lii|mfl 
e liinmain^iaplix and du asadabiliiv id a i niiipuit ii/i cl mass sptilinmdd 
ffuipleil ^as ihtninaioi^iaph shnuld had in mipinvcd rdliinc|ues 



Figure 7.26 Miiiobts an nil 
leiierl .iiici eulhiiLd In piriii ah cl 
ell nil Ills which aic nni cdsiK in 
lulMlecI I he saniplti has a fine 
j^iid ptiiiitrl cm 11 In laeililaii 
LouiUingid inlimirs (f ourfrsy Mil 
tipOTf ( oiporatiofi) 
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TABLE 7,3 Anilytteal Control Mrthoda _ 

L>|jf. ( DiTimnn tests 

1 Viiluiiuiiii (lilidiinii) Alkdliiiilv hjicincss clilniuU sultiii i lielau /me (t)I> 

2 S,H I iifiphfjlimu iiu lMins|]hiiii iiim iii.iTi('aiitse cliirnnari siliia mlialt siiUaie 

\ Insiiiiiiuiilal C iHiiluMivii) ii»n sck(list iItitindt (1 ( N) Oj luihirliiy 

A IxiiacliiiTi Oil s|Miilii firi^aiiiis lilminff nihiliilnis 

1 Iniubatmii Plait ituiiiis iniiiibtani hliiis HOI) 


Biui flisfliipruins nl snint iil iht iiistiumcnis iiseil liir \\aLc.i anaKsis along 
willi tvpts III inipiiiiliLS anil t mu tiilialioii laiiges fni taih au givtii l^elim 

I his sftlioii has bi'i ti ihviiliil iiiio inoigaiiu aiirl oigaiiu aiiahsis iiisliiiinenta- 
lioii gtoiipings rliptiuhiig on tin piiniipal iisi ol laih insiiiimi nt Himcvii, 
inosl insliuniints havi sonu appliialums in holh oiganiL aiirl inoigaini aiialvsis 

INORGANIC ANALYSIS 

Atomic Absorption Spectroscopy (Rgure 7 2B) 

\liiinu (ilisoi plum is a Uihtiit|UL loi iniasiiiiiig sptiilii nu lals in bnlh at|nLiHis 
anil iiimaiiiuoils s\sttnis Mihniigh .ilimiu absinptirm is uirlcK iisitl in tilhii 
tspisol 111 ilMiial piolihiiis It IS iiiiu|iii 1\ siiiitrl toanaU/i uatLi btiaiist ol the 
SinsiliMiK s av.Lilabli anil ihi i\uh ilixiisits ol Lamms .iiiil iiuialhi lonsliliii nis 

II I an lU II r i 

1 hi opiialiim nl iht iiistiiiiiunl is siiii[ilt anil lapul Vhoiit hK rlitlcMent 
I li nil Ills lan hi rli ic imiiu tl vmiIi \ai\iiig ili gu i s ol st iisilmh in ihi nig/l laiigi 
anil bilnw Ktsiillsaii iiiuiiti in uitliin Vt ol lim \ahiLs Ihi iLihiiiipu is 
1(1 ili\( l\ inlci (i uiUL liiL (oni|iaiL(l in \sti dii iiiiial ]iioii rlincs and il is nnnh 
lastti Ihi LisL ol this iiihni(|iii has loiiliniiiil togiow as tin mi cl lot niiasui 
iiig 111 aw nil lals in \ iiiniis \s isii siiiains has biioniL iiioii inipnilaiU 

INORGANIC 

ANALYSIS 



ORGANIC 

ANALYSIS 


Figure 7.27 A displas nl iht \aiious cleviies and let hiiiques cnminonly 
iisifl fni Haler analysis 
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FlQUrO 7.2B SunplihE'd din iil iiininit ahsurplum spt lIi tipholnniLUi 


l>piiiil .inahscs |irifin Hir'd h\ afiniiii ahsrnptinii spc ill nphoiDiiu'li is iiiiIuiIl 

a Rai\ uaiei—liaii' nirlals and liaidnrss 
h biines and salts—liras> iiirials and nlhri liarr itn^miilirs 
r Plant rlfliiriils—|ii)llulanls siiih as (a, Sn. \fn. Ph. and Mg 
(I lieaird wain '-haidiuss (ti> 0 1 ppm), I anrl C ii 

Optical Emlaalon Spactrography (Figure 7.29) 

1 hrnptital riiiissiiin s|3nii iigi.ipli is snnilar in pi iiiiiplr in ilu alninn rihsnipLinii 
sim IIns(iipr ll is a inni (in i|iialilali\e and qLiaiUilaiiVL cleiiiLnial aiiaUsis id 
snlids. lujiiids, m gasrnus iiialnials ll has hern used Im niaiis \eais Im iiu.isiii 
iiig hm nr iiaie In el rlemeni (niuenli aiinns in s annus man lies m mamilailiii 
iiig Mint ml and leseaiih applu alimis ll has hern usi rl e\Unsi\el\ Jni i|ii.ilii\ 
1 nnlrnl aiiaKses rd metals in the steel, ahiniinuin and nlliet iiielal miliistiu s 
Iiiipiovenienls in iiistiiimeni ilesign and asailahililx id atiaKliial uihmi|iits fni 
soliilinn anaUsis In opiual cinissinn make this iLihniipie iiseliil in ihi .inaUsis 
nl watei samples 

CaiiiLeiiiialKin steps au rditn iei|Uiierl Ui |imvidt the sensili\ii\ neirled Im 



Figure 7.29 Dpinal emission sptiImgraph 





Water Qaiigliig, 
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Figure 7.30 li ilniivr iknuiflt uiih i»uipui iiucisuim^ ilc\iir 

w.ili-i iiiKilvsrs I Ins lLLliiiiipii\ iicmi ihuk'ss, pinviili's llif siii1|j1l‘sI and iiiosi 
i.ipid iiiriliod li>i ,1 uiinplrLi' i|iialilaii\c aiiaJvsis nl iii|iirf)iis sdIuikhis SiaiicLiid- 
i/.ilif)ii i)J 11)111 rrilniliiMi iru'lhntls .uid rslahlishniL'iil nl basii .iii.ilvlii.il tfi hiiii|iies 
iii.iki II prissilili h) 1)1)1.1111 liDili a i|iialiLali\t* anil i|iiaiitifaM\ l* piiluii nl ihr 
i liiiiMils .111 111 .lU ti) williin 10^ 111 liiu \aliiL‘s 

1 111 ripiK.il 1 inissinii sprt 11 of^i a|)h used in i iin)iini Iidii willi alnnin absinption 
pinvirlcs a bi^li ik^iu nl llixibiliiv in nifiinTi)iin^ UtiUi in vvasirvvairi lin a 
1 Diiiplru* i|ii.iliiali\i and i|uanuialivr puiiiii dI ihi main iDiisliliirnis dial air 
iinpoilani in tiLMrnu'iil iDiitinl 

Ion Selective Eleclrodee (Figure 7.30) 

\ v.iiirlv nl inn srlritnr rlriiioilrs have pinvrd v.duablr in wain analvsis 
ihinii^li llii rinril pnlnitininriiii iiUMsiimnnii nl spriilu ions in aipmnis svs- 
finis I hrv lan alsn hi iisnl as riuipoiiU iIl'UiIdis Ii>i [)nlL nlinnu’ii ii Litialions 

I lu'sr rliMlinilrs irs})ijiirl nnlv to innii malt'ilals, so In iisr limn, sainjile pir- 
|)aialiiiii IS soiiu'iiiiirs luiissaiv 1 hr ivaiiiilc rlriiindt'. In? I’xampk, iri|iiiies 
rlisiillalinn nl ihr sainpk In bnak down inniplrv inrlal ivaindrs lli.il air lint 
ilrtiM i.ibJr with llir rlrilinrlr 

Inttnrlrs spmlii Ini aiiinns air rspmallv iisrliil siinr pirvioiis Lliemical 
pioinliiirs Ini analv/ini* aiiiniis wrir Inliniis I Irilinrh s air avail.ibir loi siiih 
aninns as siillidr, lliiniidr, ivanidr, anil miiair riirsr iiiakr il imssiblr in 
mniiilni s]milir aninns innliniiniislv in a vs.itri svsirm, as is loininnnh dnnr 
with [)ll insliiimcnlaliun 

1 hr ion srlrilivr rlnlinilrs wink likr pi I rlrilindrs, drprniling on a polriilial 
ilr\L'k)prd aiinss a Lhin inriiibfanr b\ ihr diffrienir in ihe iniui niiaiinns of 
llir inn in hr mrasiiird nn raili sidr nl ilir iDniialh t Diiduciinj; thin lavri Thr 
LDiiirnlialinii williin llir rlriiindr is fixrd and ihr |M)irnlial vaiirs with ihr 
1 1)111 rnlialinn of ions in ihr sainpk 

X-rey Fluoreecence end Dlffrectlon 
(Flguree 7.31, 7.32) 

X-ia\ llunirscrncr has brrn iisrd rxirnsivrlv fin the .inalvsis ol wain-1 mined 
drpnsils and innnsiDii pTiidiiils linm saiious indusliial svsirnis When die 
fluinrstrnir irihiiii|ur is siipplrnirntrd b> srveial ihrmical methods ol analysis, 

II IS possible in obtain lompleie uieiililiialion of these deposits. In wasteivaler 
anal)ses, the lluoiesienie nielhnd is used to tharaiKMire particulate matter 
idU'ied Iroin the sample 

X-iay difliaction is used lo identify crystalline nialerials m watci-formed 







7-24 TIm NALCO Water Handbook 



deposits n.iserl on llie flemenial aii.il\sis nhiainerl h\ fluoiesieiue in)iiii(|iu s, 
one of sexcial iivstalliiu* slniclines iiia\ txisl, and ideiitilvin^ the stun line 
llla^ |iiovule a clue lo the iiieLliaiiisin of deposii fonnation \ lav ihfliaclion 
has limited usefulness in ideiuitMiig oi^anic inateiials 

In \-ia\ fluoi esi eiu e, ifie sample, iiiaihaled v\ith hi^h miensii> \-iavs, 
Huoiesies lo pioduce ihe \-iav line s|ieitia of the elernc*nis [iieseni in ihe 
saiii|)le Ihe spcitia aie ilispeised wilhin ihe insiiuniinl ii» allov\ le.uloiii of 
lliest lines lonelated In a paiiiiiilai anahsis pioiiiam In \>ra\ dilfi<iilion, ihe 
cnsialline maleiial ails as a tliiei-diinensional f^ialin^ lot ihe \-iavs Ihe rlil- 
liaiteil \-iavs pioduce a patiein loiined hv ihc‘ v.iiious si‘ls of paiallel plains 
vshuh ileliiu llie civslal laltiie 

Flame Emiaelon 

Maine emission spnliosni]n ptovules a sensiiive lapid mclhorl of aiialvsis loi 
the alkali melals in walei I he method is less sensitive .mil moie pi one lo inlei 
ferences than aiotnii ahsoiplioii speiliosiopv, hui ii lakes onl> alxiiil hall ihi 
time 



Figure 7.32 Didguni nf X-ray 
diHraitiim insliumeiit 



Water Qaiigliig, BampUng, ■nd Analyala 7-2B 

Visible end UHrevlolet Bpectropholometry 

These ler hniques, espetially usinj^ the visible region nf the spec ti inn, Lonriniie in 
wide use today after man) yeaii ol scivite 1 hev are invaluable iwls fin nieasui- 
ing many inorganii constitueiils in walei I hey also have some applualions in 
oiganiL analyses, piiniaiily in the iiltiaviolcl icgion 

Microscopic Tochnlquos 

I he analyst uses various mmoscopii teibniqurs to chaiarteii/e partiiulate 
inateiial in water 1 hesL partiiuiates iniisi fust be separated bs filtration in 
other means 1 ight iiiiirnsiopv has been a much iiseii linil foi making paituiilate 
idenlifiiation MiMlein iniiiosiopes rnutineb piosirU magnification of 
All experienced mitioscopisi laii often identif) the LhemiLal rcinipositiori of 
paitifulale material b) simple miiinscopiL observation lie riiav add cerlam 
reagents to the S|x*imien under obsLivation to verify the presentc of ceitam 
elements 

Reieni impiovemeiils m electron mitrosropy have advantirl the use of iniiTo- 
scopic tei finiqiic‘s m water i himistiy Both the liansinissioii elettion run lost ope 
anti till siannmg titttion miiiostopL are used in water analyses 

Trsnsmisslon Electron Microscope (TEM) 

(Figure 7.33) 

1 lansmissioii eliilioti niii i osi iqiy (TtM) is iisetl fm ilu diiiit obsiivation of 
small jMitiiulatcs stable m a high vaiuiiin for in and sliuctuie (niiii phology) 
tan he established loi rigid sui fates siiih as it ramus, metals, plastics, fibers 
and othei organii and moiganii solids separated lioin water 1 fie iiiagiiifiiation 
range ol the IFM is 22()\ to l,(H)(),nOOX with a lesolution of two Aiigstriim 
iniils (2 A) 

Scanning Electron Microscopy (5EM) 

I he scaiimng election miciosiope can In used foi morphologiial iharaiteii/a- 
tion ol paiticiilatf s such as tlays, spoils pollen and bottom seilimenl Particle 
si/L illiL 1 mmation m the langt ol (f 05 to 100 iiiiiions can l>e made 1 he mag 
nifuation laiige is fioin 20\ to 200.000\ with a lesolution of 100 A 1 his lech- 



Flgure 7.33 A vit‘w of die Liiiiiponenis ol a tiaiisniissioii elec linn 

niiLinsc o|X 
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FIguro 7 34 l)i II unis iiul sill iih 
stivtil h\ ilu s( iiniiii^ lIilIiiiii 
iiiiiios(n|n ii 1I)(U)\ III i|^nilii 1 



his hull use rl t \tc nsiM h liii i h it iiU viiv sin ill p ii in iil iii s in 

\s<iUi (I niuii 7 U) 

13olh thi SL M iiul flu I 1 M i in In if|iiipp( d amiIi \ i i\ rkii iinis in lU li i 
limit till tkiiiLiits piLsciil in llu pntiinii nl llii s|n[jiiicii in tiu hi nn nl llii 
miiitisinpL (hj|^uii 7 In sniin c isi s iMs i \ i ii possible in uhl iin i i|ii inlil i 
ti\t 111 ihsis nl lilt s iinpk 

MiocellnneouB Inatrumenlal and 
Wet Chemical Analyaes 

1 licit iniitiniKs rn hi i ^icit lutrl loi rlii vvil rktinisli\ niLihnils nl v\ lui 
diiahsis liiinin\ iiststlu> in ihc oiil> nuts iiiiplihk in 11 ^iil ilni \ i^i iii ii s 
(htmic.l 1 nw^tn rlcinanrl ((()!)) hirKhcmii il nw^cn rliiiiiiul (UOD) mil 
lint I (Nil nanism iniitils an txaniphs \llhn 114 h imptn\t(l uil Uihiiii|iiis 
ha\t Ikiii tk\tln|i((l lln iiuthncls iit siill ii (hniis ind limi i fiiisiimin^ 

Man\ nl iht anions in waui in anal\/ifl In ilassii il (luimial iiuihnds hi 
iduse IdsU r moil iconnmiial Itchiiiquis ait not \tL a\ailahk In min\ casts 
aulomaicd devices have httn developed in laiilitalc tlust uti thcmisirv 
pioccdutts (Fi^uit 7 :lh) 

Manv iiisliumtnl il Ltihnii|iics it(|iim thiniiial piitnitmtnl nl llu s iniph 
In solubilizL ihr cnnsiilijeiit to lie analv/ed to umieniiate ot dilult In llu laiifi;! 
of iht instrument ni in handle ehcmual ni mstiumt iital iiili 1 It it iiies 

Total Carbon Analyaer (Figure 7 37) 

I he tiit.il carbon analv/c? is used foi the quantitative dt It immalion of laibnna 
(tnus material in aqueous media I hi insti unit nl attepls nnl) a veiv small 
sample (appinximatt Iv 20 muToliters) so it is necessary dial I he lailNin ton 
tainiii^ materials Ik tilhir dissolved 111 dispersed homogeneously 1 he mstiii 


Water Gauging, Sampling, and Analyals 7-27 

nirtil I ail hr ri|x‘iatcri ovri scvrial Lf>nienitaiiim langrs, suili as 0 100 ni 
0- JOCK) iii^/l 1 hi* sensitivjtv atirl accuiac^ aie appioxiinarH> ] 2Vf oi ihr range- 
cuvtTL-cl, pnnidiiig a lapahilih to iiirasuie 1-2 mg/I oi total larlxm 

Most laihnii analv/cis mcasuir Ixilli ingaiiii aiirl inoiganic carbon io anal\/e 
onl\ the organic carbon, it is ncccssais to icriunc the- larbonati- bi^foir in)cctiiig 
the sample- into tin- iiistruiiirnt Whrit ilirtiiiial oi Iiiih hc-inical oxygen tic- 
iiiatiil trsts ((iOl) or HOD) air nrcrssais to moriiloi or game pnllulants, it may 
hr possible- In rsiablish a ion elation briureii total or game tailmn (J ()( ) anjlvsis 
and till (iOD or HOD values I hr caihoii anab/ci il(|U1ic-s 5-10 iinnulrs 
pc-i sample iiuluding pi rti eatineiit tiiiir V\ith the ( OD oi HOD tests, lon- 
siilrialiK niotr operator time is if-(|iiiiril and results air not axailablr tor 
houi s in the case ol the COD trsl, and 5 days lor the BOD test 



Figure 7.35 Ohsi ivaiinii nl p.ii luiilaU-s in a i\astL-u.iu i s.inipU b\ SIM with siniulld- 
iit*iiiis aiiahsis III individual piiitiilLs 1 and 2 ideiilified ,is a piiiipilali iimlaiiimg 
laluLiin, siiltiii, anil aluiriiiiLini and a diaiiiin 
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Figure 7.36 An (luinniiin ritrvitt Ifu nel <iiul\sis i»l a haiui\ 
nt samples i( rm/fn} /tt/mi/fj/j /n\huinint\ i uiptnatimt ) 


ORGANIC ANALYSIS 
Infrared Spectroacopy (Figure 7 30) 

JiifiriiCfl spL(IIuse lips (IR) IS use fl hidcuii the piistnn iil iinisi iii^.iiiit lime 
liiinal pinups suili as -C C)()M ( IK) ( H| iiirl Oil IssiiiiiilK ill Imins 

id in ni.ilinals tli.it i.iii Ih sip.naUrl Innii vvaUi uasiiwalii mil walLi 

loMiRcl ill piisiis lan lu l 1 i.ii icleii/id In tins me lliorl .iliii ippiiipiiali saiiipli 



Figure 7.37 I malraibijiiaiialv/ei iiiusefur rleifiiiiiiiingiiiganH mattirriii 

Haiti 



WMr OBuglno, 
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Figure 7.3B I hi iiiliind mah/ci iliHcit iiiiaus tht liiniiiiiiul KiciiipK 

nil ni^iiiu iiKiUruks ivli iiiirl lioiii llct 


pti[i.ii.UiiMi I Ins K Ihtiir|iit IS i|ii till ili\L sum ilic si p.ii lUrl li it tion is usualK 
a inixliiii I 111 suisitiviiN lin \.ifiims ingaim liini iidimI pinups vant s jiTuatU 
Inn Ini itli .il lasts is as Irm as a k\\ pin nil nl ilit haitinii atiil\/icl l)i raikH 
I haiai l( n/alinii nl ininpltx iiiixliiifs ui|uiit s mini inatinii linni nlliti t\pes nl 
.inaksi s aiui I Ik mil il sip iialiniis siiili is tkiiu iil il tiata iiul iliiii la\11 clnnma 
inpn^iapln 

All I xampk nl an IK spun uni is shiiun in hi^iiii 7 VI 1 hi iiifniniaiinn 
sliimii kil Inihi si Ik linn nl achliiiniial analMiial innls in iiinic tulh i(liniil\ llii 
ni^inu nialLiials pitsinl I In itic iililiialinii nl tails hisamiili anil pnhilliskiii 
f'hinl (Sill piii|Kiiiili fl till pi iiiluL linn mas wlnit piiiiiss pnllulinn was 
iHiiniiii^ 

IK IS ispitalK iisirl nii snhini ixiiacls anil ihiidnii ^i\ts mlnimalinn nn 
till liasi iMilai nnnsolalili i nmpniii ills nl a sainpk \iv\ pi nt iiliii i s ai i liLin|4 
liisclnpid Ini innii tlliiliM sipaialinii nl adrlilinnal isptsnf nii>anii maliiials 
In Ik iliaiaiUi 1/1 iI In IR 

Nuclear Megnellc Resonence (Figure 7.40) 

I hr IK spiLiium pimitlis a liiu^iipiiiil In wliiih in tniiipm ni^aiiit mallei 
in a wall I sainpk in palUins nl Ivimwii Lniiipnuiicls 1 lu iiiukai iiia^iiLliL 
lesniiaiut (NMK) spcilinstnpt siippkmtnls iht IR .mahsn In rlilliieiiliaiiii^ 
slriitiuial eleminis in llu nT^anii iiinictiilis iisin^ lailin lTLi|iiLnL\ iiiirgs 

Liquid Chromelogrephy (Figure 7 41) 

L i(|iii(l ihioiiiaLn^iaphy (1 ( ) is a liihnK|iu iisiil Ini llu sipaialinn and dctei- 
minaiinti of a spciific maleiial in a lii|iiitl sample 

A fixed vnlume nl sampli is in|Kiiil al iht hi ad nt a si paiatni iriliiniii packed 
wiih a Ix'd nl adsnilK'nt maUiial A mnhik liquid is ihcn loiied ihiouj^h thi 
inliiiiin In cause ihe cnm|>oiunls in Ik iliHt i tnlialed inin stparalc bands in ihe 
iH'd A dtieilni al ihr ellhiriil td ihr scpaialive inlumii ihtn aiial\/is these 
hands (analyles) as ihev least llu tnluinn Seveial dilfneni ivpes ni separation 
inlumns using diflereni mechanisins nl aiiahle leietilinii. and difleienl mobile 























Water 
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Figure 7.40 Sihriiidrn rliaKi«iin 
i)( NMK aiial\/i''i 


RHEOSTAT PRODUCING VARIABLE 
CURRANT TO ELECTROMAGNETIC 



li(|ui(ls 1 an hr srlrUril rlcprii(liii|r mi ilir pailiciilai srp.iialion ()h)riiivr Many 
i\prs nl (h'ircrnis lia\r hrrn iisul, ihr innM wirlrlv Lisrd srtisiliM- drlriloi is ihr 
iiltia\i(ilrl linphiJiniiiL'lri 

Gbb ChromBiography 

(was (111 niii.Un^iaphy ((f( ) is iisrrl hn I hr rirtri ininatinn rd \nlalilr inatriials in 
v>alu sainplrs Sninr of ihrsr laii lit* mrasuiril iliirills, oiliris niav irquiir 
SL‘[)aiali(iM i)i spinal pirp.iraiimi VVheir ilit aiialylr is nm sulliiirnilv iiilaiilr 
II nia\ lir rxii.ulni limn \%alrt «incl ihrii liralrd \\iih iheniiial leai^rnls in inn- 
Aril II Hill) a \nlalili imiipiniiirl 

In liailimiair d Siiiiiplr, il is \apnii/(‘cl ainl swrpi In a siirain ni inn I laiiin 
^as inln ihi i In ninaliif^iaphii i nliiinii 1 hi « nnipnnnils srpaiair inin hands as 
I hr can in ^as passes ihiniif>h ihr loliiinn paikiii|^ ] hr srpaiatrd inniponeiiis 
air nuMsin rd ai rlu curl nl ilir i nhiiiin In vaiiniis i\prs nl dririlois txainplrs nl 
inalriials analy/rd In ihr In hiiiipir iiuliidr prsuudrs and (hiniiiialnl 
snlxi Ills 


SAMPLE CONTAINING 3 SPECIES 



Figure 7.41 nia^iani ill usual 
111 ^ llir pi niiplrs ul lif]iiiil 
I 111 iimain^rraphy 
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DETECTOR 

(HOTWIRE 

ELECTRON CAPTURE 

MASS SPECTROMETER } RECORDER 



Rgura 7.42 Simplihi il rli.i^raiTi nl i i hi run iph 


riiL mass spi'iliiiiiiiK 1 IS oiii ol ilu ililiilDis iisi d i\illi <■( fin the kIiiiu 
liLatuiii III iht slim lulls iil i oiii|Miuiirls (lists ik iiIi il s iinjiU s liii llit miss 
s[K*i(i Drill It 1 (MS) lilt MS DptialLs In hnmli.ii (lm^ ^istinis iimli i iili s uiili 
rnrrfretu ileiiriialh ih.Lr^ccl p.iiliclis I hi i iii i iimsliitirl tii i)u is 
moleiules Irdqmenls iht^ni mio imallir rhaii^Lrl pailidism a ii pi iidiii ihh man 
net J hi* mass and itlaliM ahundaiicis d( ihisi i h.ii i;i d li i^minis is dc 
termined b\ a sianiimg insliuimnl nhich ])iDriiiHs ilu mass spitiiiim iilalid 
Id die ariahli 

SUGGESTED READING 
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Chapter O 

Coagulation and 
Flocculation 


I 111 |jifHissis Ilf (iia^iilalirMi .iiirl IJoii iiLiliiin .111 Liiipln\i‘r1 irj sipaialt siis- 
pMirlifl Miliils liniuw.iUi tin 11 iiatiii .il siilisiik ni i i.ilis.iti iiiii slow 

In pimirli (.Ihtlixt i l.ii ilii.ui<in Wiilri lI.iiiIuciIiiiii, lime sollt'iim^ sludge 
lint ki , 111(1 dtw.iUiiii^ ill pi ml nii (iiiiici .ippliialiiiii id llit lliE*f)iiL's nl 
(rM[iiil,ilinii iinil fini i iiJainiii Ini thin ««iiiiiss 

lakiii^ sin fat I Wiilii 11.11 ifii aiinn as an r\aiii}ili, luihid i.iw watii ciiiitdiiis 
sLis|H mil (I iiiaiui luiili siliU.ihli' snliils. panic lis lai^i i iiiuif*h In si'illc 
i|iiii s( riiilv riiifl (lispiisLil snlids pailiiks wliitli will nni iLadih srilli A si^- 
iiiluani pill linn nl lliiM nnn si illi ahit solids iiia\ bi* inllnida l Iraih uailiilF 
IS stabili/.Ld b\ lu ifali\i cic iliiial ihaiues nii its sin l.in , laiisiiin il in iiprl lUMtih- 
bniiiiK p.(Ilull's jiisi as ma^m iii }>im s lept*! caiii nlliii Siiiii- ibis }iit'\rnis 
ihrsr iliai^rrl pai Ink's linin (nllidmg In fnini lai^u masses, ndkil Hoi s, ilu'\ 
tin iiol sriik ( nauokilion is llii di'siabdi/alinii nl ilicsi inlluids In ncniiali/mp 
I hi' Iniii's iliai ki'L'U ilii'in atMii I Ins is ^I'lii'ialh aiinmplishrd In adding ihcini- 
lal (nagiilanis and appKiiig mixing fnt'ig\ Aluiiimmn sails, nnn sails, ni pi)l\- 
I 'k'itiol\U's an* ilii^ ilu'iiiiials usiudk used 

^igiirt' H 1 illiisii ales how llii'sc ilu-miials ii’duii I hi' I’lciliifal ihaigrs on 
inlloidal sill fairs, allnwing ihr colloidal paiiulrs 10 agglnmriair min Hois 
1 lii'sr milialh small finis jnm, iiraimg laigri, srldeahlr ag^rlnnirralrs 1 he 
ill slabili/alinii slrp is iiiagulaiirin (iliaigr nriititdi/aiiinii), llir Hni-budding 
sLiige is fliHiid.iiiiin 

1 lie trims inagiilalion and flociLilalion aie idlrn used inteiiliangrablv, how- 
e\ri, when seen as two diHrirnt nieihaiiisms llir\ can pin\ide a betiei iindcr- 
standmg ol ilaTifualinn and drwatriing 
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Figure 8 1 i ua^ulahuti I hi iihliiiuii nl i i u iiit luiiii il 

l/LS ihd^lS (llllipsill^ llu lluuil sill lllUlirllllL^ llll lolliMlls Sil 
llio I.III iLTfrloiiii 1 III (h\ ilutiuhifitni Jill hi III ihi Him 

(iiliiii I he mu il luiivLtii i^^loiiu 1 lUfl iiilliiiilil |iuliiks luiiiis 
siltlLihli (hits 


COAGULATION 

( dlloiil.il spidcs 1 III niiiili 11 (1 111 i.iw u.iu I iiiil u.isli wall I iiiiliiih 111\ silii i 
11 on and iithi 1 Inax^ iiuials inloi andoi^.iiiu solids suih is ilu rlihiisol ili id 
111^aiiisnis ( nlloids rii.n also lu jiiorluciil in )ii( ii|)ilalioii pioiissis sinli .is 
limi snfUniii^ Oil in waslLwali i is Inipiiiiil\ lollonlal 

Aniiiiiii llu wide \aiul\ id i olloiilal iiialiiials in walii iliiii is a Innad dis 
iTiliiiMon (d pailuh si/is lahli H 1 shows Imw paiMili si/c iilliilsllii Uiirhiif\ 
rd pailiilis Id sclih in i|iiii 1 wain ( olloiiis .ihv i\s ii(|iiiii i iML;id.iiiiMi In 
aihicxc 111 liliiLixi si/i .iiirl si iiliiitr iuii hiil i\<n lai^ii pailulis wlnili in 
noi liiih (olliiidal .nul xmiiiIcI silih il j;im n iiioiii;li Unit iii.ix im|iiim i oa^ul i 
tioii Id loini laii>ti l.Lsiii si llllll^ Hot 

Wilt n iiisiilluu lit sriiliiiii liitii is axailahli in .i liL.iinniii plan! m ii iiiom 
siisjundifl solids toa^nlaiion and lloiculaMon iiii\ i iiisc tlu in in iiiow in si/i 


TABLE B 1 Sedlmantation of Small Partlclea or Silica of 2 65 5p Gr 


Ivpil ll 

111111 

Mil mil 

Sill 1 II 1 Jill 
(Ifiiah 

St liliii^ linn 

1 111 1 ill 

(>ia\cl 

10 

10 000 

Hit 111^ 

1 sti 

( naisi sand 

1 

1 000 

^ 1 1 1 nr 

10 sii 

1 iTu sand 

0 1 

100 

111 1 nr 

su 

Sih 

0 01 

10 

0 111 nr 

lOK min 

IWf 11 r i«i 

0 001 

1 

1 I 1 nr 

IHO hi 

1 nllniiLal malti i 

0 0001 

0 1 

\\ 1 111^ 

T’l'i da\s 


NOii' Pai lulls laif^L I Lhaii 1 IHI mm mis an msiIjIl lollu iiakc il t >l ami in iiinsidiiLtl 
In 1 h srttliablr snlifls In ihi raiij^e iil 10 lOOmurniis ihiv an iniisulrn il iii hi luibiiJih 
Bclim 10 rniLriiiis thev arr (inisidrirfl inlliiidal Patiiih s liiii ihaiiO 1 muiniian visibli 
b> li^hl niiLnisin|ie btlim 0 I iimnm llu ilrflioii itihtosioik is iisiil Ini cltMctUnn 





CoaguMon and Flocciilalloii B-S 

and sfltW* lapidlv iMioii|i'h lo o\ciloiir‘ ilir physiial liiiiiialinn ol the pKiiil 
design 

(.nllf>ids .lit iJlegnii/L‘d .is Indinphiihit (uatei haUng) in hsdifjpliilii (waiei 
JiiMiig) MmIi npliiiim (dJIdhIs do iiol ir.iti i\idi uaU-i, ii)r>sl nalui.d i lavs aie 
livdinpliohif HMlioplijJii iiilloirls itMti uiih R.iiei, lilt- oiganits i aiising coJiii 
aie luiliopliilii Ol iiiipriitani e in wain liraiinnil, llie li\iliopliilii lolloids 
iiiti\ ihrinualh leaii uilh llir (ii.igiilaiii iisi\l in ilii* iirainieiir pioirss So h\- 
diDpliilii LolJoids iLM|iiiiL' nioie inagnlaiit lliaii Indiopliohit, whiili do noi 
I liriiiii all\ Kill I wilh llu io.igMl.ini I oi ix.iinplr, itniiiiv al of loloi Jiinnawalei 
liaxing an M'll \ i oloi o/ "in imiiiirs liiului LoauNl.iiil flosaurs ilian leinoval 

1)1 *)() I 1 I nil fiidiiA 

COLLOIDAL FORCES 

SiMial lliiniiLs h.ixt hrrii aiKaiiiid lo desitihi ilit lolloidal paitiili .ind ihi* 
ioiies SU11ouiirliiiL; il I in ])iatMial puiposis tlu^ drininiiianoii of llie nauiie 
and slnngih ol ihe |).niiik iliaigi is .ill lhal is nrcdril lo dciinr die Lollinil.il 
sxsirin llu [i.nliili ihaigi sliriiglli. dliisiiaud as llir lavri suiioiinding llie 
u>lloifl in liiiiiii h 1 allrils how i losrh rolloidsian appi o.ii h 

/i ia iJoUMiii.il IS a mLasuu’iiiiMii ol this liim - ^l)l lolloirls in nainial walei 
snniii's 111 a |)H langf ol i-H, llu* /tia iioUMiiial is geneially It lo —niilli- 
Xulis llu moil III g.HIM ilii iiuinhii. iiu siioiigti iiu paitiik iliaigr \s llu 
/iia pull nii.il diiiiimslirs, ilu pailules laii appioaih one aiioLlin inoi l ilosrK. 
iiiiii.isnig llu liki lilioDil 111 collision In a lonx riilional tl.nifualion svsu*in al a 
pll 1)1 h S Loagnl.inis jn iiMili llu [josiiim* i liaigrs lo i riliiii llu neg.ilixt ^rta 
poii'iili.il ( oagiilalion usnall\ on ms at a /c la pouniial wliiili is soil sliglitl\ 
lugaliM, so (oiiipli 11 cliaigi luiili.ili/alioii is iiiil usnallv iLi)Liiii‘d 11 loo niiuh 
1 nagnl.nil is .uIiIliI, llu* pailiilr siiif.ui will beionu* posiiiM l\ ihaigcd (.i posi 
liM /rlti poll iili.il), ami llu* pairiik will hi* i iMlispiMsi‘d 

I oagiilanls iiiav hi icijuiuil in high pll wain licaliiinil s\sinus, siuh .is iii 
liiiii* soliniing ( allium i.nhonau* pailiilrs also l.iiiv a iit'|Tali\e ihatgt*. and 
i.ilioiiii (o.igul.inis ma\ Ik* iisrlul iii mliiimg ii'sidual lolloiilal haiilness Mag- 
ni'sium li\illiixidi, on tin ollin li.iiul, laints a posiini* ihatge uniil ihe pH 
cxirnls II, sii 111 Iniu* in linu'-soda sofirnnig pioii'ssrs wluii* hoih C a( 0 | .nid 
MgfOll) pi 1*1 ipil.ili', llu opposite h (h.iiged pai lull's i opi riipitalL llns co- 
pi t'tipiialioii III past gt'ologii priiods pioilnml llu miiu'ial dulomile, 

( .i( ()i Mgl ()[ llu loagiilaiiiin .iiid Mminlalioii ol inali'iials ollu*i lliaii 
sill .md lolin wliiih ait* llu lominoii laigi'ls ol a wain claiilualioii piogiam 
<111* tlisiussid III llu ilia])lL*i on pi n i|)itatioii pi messes 

/n.i polniiial is demmiiml imlneitlv tioiii data ohlaiiicd in ohsL'ivmg 
jiailitk* nioiuni iiiidei <i miiiosinpr Figuir shows .i ixpic al insli iiinenl eni- 
plovrd loi llns ilt U'l minalioii /eia poinilial iiieasuiniiniis Iuim hcni used siu- 
lessiiillv lo (onliol |)lanl loagulant dos.igrs llowrxn, loi selciiiiig ihc best 
(oagulaiU, /L*la potential iL'ailnigs alone aie iiol leliahle Obsnvtitioii ol lesuhs 
in a jai lest lemain ihe hesi niellind oi loagiilani seleilion 

Mixing IS leijiiired lo suppiniieiil ioa giil.iiil aildilioi i lo ilesiiov stahilm in ihe 
lolTindal system l*or panicles to agglniiieiate llu*\ nmsi tolliiie, and mixing 
prnmoles loilision Biowniaii mo\ement . the lanilom motion impailed lo small 
pai titles hv hombai dmeiit h\ iiidiviilii.d watei moleiiilrs, is alwavs piesenl as a 
naiiiial mixing lone llowevei, additional mixing eiingv is almost <dwa\s 
lequiied High mtensitv mixing wliiih distiihutes the toagulant .ind piornoles 
tapid tollisions is mosl ell ei live Ihe lieqiieniv and luimbei oi pai tide tolli- 
sioris aie also impoiiani in loagnlaiioii In a low iiiihidin water, the additmn nl 
snlicls iiuih as il.i\ oi the leivtle nl pievirnislv settled solids iiiav lie required to 
inciease the niimbei ol p<iilitle tollisions. 



Figure B.2 1 lu /l i.i Kt . .(ki 



olisi r\in^ lliL inokililv nf p.i 
in w.iui diifl nudsiiiiiifi /I A |)fi 
ff kitmlini S 

will / iif^inn nnf^ f tnporrttHni . 


FLOCCULATION 

The flue foi nied b> llie ag^loiiici aliuii ul se\eial tullinds iiiav nru Ik 1 ai ( nr^ii^h 
in settle or denalei at the desiieci late \ fliuiulant gailiers lui^ithei hoi pat 
lilies in a net, hritl^iiifr linni one suifaie to anolluM anil binding the iniiuidiial 
particles into laige a^jrlrniieTales as shoKii in Fi^iiie S S \liiiii. non salts, anil 
high molerular sseighl poKincis are loinmon flouiilanis lloLiulalion is pin 
muted b\ slow mixing, whab bungs the llois gends logethei, Iini high .1 iiiixing 
xeliHitv teats them ajiail, and the> seldom teloiii] to ilieit opiinnim si/e and 
strength MtHciilalion not onK inciLases the si/e of floe pat titles, but it also 
alTcLls the plissual natuie of the floi Sludgis and sluiiiis, when lloci iilated, 
dewatet at faster rales on sand beds and 111 mechaiiiial dewatriing ei|nipineiii 
because ul the less gelalinoiis stnnluie of the IIih 

COAGULATION AND FLOCCULATION 
CHEMICALS 

Hisloiicalh^ riiet.d toamilaiits (alum and iron salts) ha\e been most widely useil 
in watei c larilicatioii These ptinkuts luiuiion hotli as loamdanis and I1ikc~ 
lants When added to watei. they l oim uositivtlv tliaureii soeiies m the ivpiia l 
pH range lot Llaiilication, about f )-7 I his h)diol\sis leaiiion piodiaes insol¬ 
uble gelatinous aluminum ot leriic h\dioxide Fveii if theie aie no suspended 
solids 111 the water mitiallv, the metal coagulants lot in Hots whuh enmesh the 
destabiii/ed colloids llowcser, ilie voliiiiiitious sludges pioduced bv the addition 
of metal coagulants create disposal problems bc*cause they aie iisiiallv dilliiiill 
to dewater I his is whs alum and non salts are not often used to iinpiove effi- 
iieiKs ot rentnfuges, hliei presses, and other dewateiing desites 

Metal coagulants are particularly sensitise to pll and alkalimts II pH is not in 
the propel lange, claiihcalion is |KKn, and iron 01 alunimum may bc^ sohihili/cd 
and cause problems to the water user. Ihc lower the coagulant dosage, the iiiorr 









Figure 03 riiniiiiiiiMri^i i|»lis illusn iln mi^uluinii puKiss Iili mthirl iimi 
wilii sliiiwiii^ full ilis|n I sifiii dI iiii\ sulul |iiiiiilis Kifihi siirii uiiii liiiiid uiili 
11) ii'iil nil 111 iiiIIuihI III ilii iliH (1 ff)\) 

suisiu\c lli( (li)i IS Id pH iliaiitfis H \) labic H 2 lisls soim important 

pj opt nils III 1 DinriiDii ini^ulanis 

1 lu Hill ihIui 111)11 1)1 uintiKfl silua iii ilit I'HOs siiiniiiiiiiiiK impioxiil ilit 
pi I foMiiaiii 1 oi alum anil non s.ilis as iiiagiilants anil flouiilanis in vvalLi clan 
in ilion lilt siihsi ijut 111 lUMlnpniiiii ol a vaiiih iil oit^aiiit pi)l>nuis (allirl 



Figure B.4 Hu illin nl m iiii iIi)si|il nn pi I taii^ 
liinil iLinns Hu iiplimiiin pH 11 iii iins alnuisi iniisiant hui tlu 
pH I iiif^i 1 m (111111 sUsN tistill ii\L as Iriagulaiii diisaf^i iiunasis 



TABLE EZ Pnpwtimm of Gommaa CoogulanU 


( iiminiHi mint 
Aliini 

L lint 

I LI III thlniidt 

Ftilit still lit 
C np|N r IS 
Sfxliiini iliinniiiit 


Fill iiiiiici 

\l (SC),), ] 111 () 
( i(C)ll) 

liCl, hH O 

lt(S() 4 ) III O 
liSf), 711 O 
\ i VI (), 


ft/llll 

HLIgill 

/!// 

ai r, 

ion 

1 1 

10 

IJ 

Ml 

I -1 

• 1 -s 

\ 1 

1 IM 

i i 

101 ) 

11 IJ 


4 v iildhilit\ 

1 unip— 170 ? 41 ()| 

I i(|iiiil H VI ()] 
1 limp iis ( dl) 
ISmilii Ml 
SIiiiM- 2ri', 

I iiiii|j—JOS It 

1 ii|iiiil JOS 11 
(.1 iiiiil-ii— IH iS 11 
(ri null II — jn'r 1 1 
lliLi Wi VIC), 

1 iipiul JOS M C), 


pnl\Llciti i)l\us ill thi HIM iliiaile \sas an i\ni limit spi i lai iiLii itiiui ibiiimii 
In uaui 111ainiLIII itthiinlti^\ 

Pnl\ 1 It 1 tinlvUs ai 1 lai^t walti snliilik in^aiiii hiiiIlluIls in iili up nl sin ill 
hiJilrlifi^ hIniLs callirl inminnit rs iLptiUd in a Inng ihaiii IIk\ iisiialb iiiint 
ptiiari 111 ihiii siiiitiuiLs inn t\cliaii^c silts vthiili ^i\t tiu limit luli an mint 
(har^i f hnsc h imii^ a |insiri\t iliai|)L an i iliniin mil (Imst wiih i luiiilivt 
chalet ail aiimiiii J liisi inrilecuks nail \mi1i uillniilal iiiatiiial in llu w iii i In 
ntiilrali/in^ thai^t ni In liiitl^iii^ (iMti^ in^cilni) iinliMrlual ptriiilts in Ini in 
a MSihli iiisniuhk priiipitiU rn llni 

TAILORING POLYELECTROLYTES 

rht piilnimaiuc nl llicst inatiiials can bi mnilifiLcl in siiil ihi iiaiiiii nf llu 
cnlloidal mactci in be rtmnvirl liniii ifit uatii llu si iiinrlilii iiinns iiuliific 
vaiialiniis in mnlifulii weight aiirl inn cxihan^Ti i.i])aiit\ Dust niaiiiials i.ni 
alsn be* pinilurirl vsilliniii an innir ihat^i ibtsi an t ilk tl imnmnii pnhnuis 
Althniigli lhtf> ait mil siiiilb speaking pnl\Lkilinl\li s iinmniiii pnlMiitis 
Lxhibil mans nl llu saint fltutulaliii); ])inpiiliis in snkilinn anil aii i^iiiLialK 
innsiikiLil as pail ni the ^iiitTal pmUlIli linivit laniib nl fniiipniiiiils 

41llinu|i;li nmsl pnhtktlinlvlis aiL smiiIilUl ni t*ami iiialiiials i iaiiii i ilso 
pinduters an eiirJkss \aiifl\ nl sui li nialiii^ls Sniiii nl thi st ii i i In inii alb 
prrMtsstd til nnpinvt |.x tint inane t anil an ininini it lalh i\ iiiabli 

llu catmnii pnbik tiinlyies aii liiIui pnlyamiius ni niiaiMiiaiv aniinis In 
uaiei a punaniini h\(linl>/is as Inllrms 

R. R 

>\HH 11 ()- >\}\ M + on 

R" It 

BecaiisL nl the hydrnbsis in vieki OH , al liijjh pH llu iiaiimn is inritd in 
the left, and the pnl^niii iHtnnus nninniiii Ihis is illusliatid b\ lif^uii K 
which shnws loss in exihange capacity ioi a spcufii polyamiiic as pH increases 
In enntrasL the qualeinarv pnl>niers arc bin sli^hllv afiecieii by pH icniain 
pr>sitivrlv ehargrd nscr a binad pH range (Figuie H * 1 ) 

J he anin nic poKnitrs inintDoiate a catimxyl ginup f—( OOH) in then sliuc 
tuie I hist ionize in the lollnwing manner 

R-COOH R-( 00 + 11+ 

The hyclrngen inn fortes the reaetinn to tht left, so aiiioniis iKfcnmc nnnionu al 
low pH 
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Thi ionic iidluir nl fMilyelcLtiolyrcfs is only imp lactoi clptrrnijniii^ rhc pei- 
fomiance oi these riidtenaJs as ifia^uJaiils aitri /loctuidnfs Other /actors, surh 
as the puldt nature oi non-iorut hfmris in rhe nio/ecuie, rnn/ctuiar si/e, anrJ 
fiioiei iiLir geiimeliy, also plav a lai^e /lai I and ina\ in sonic cases oiei shadow the 
ettetts of (liaigL and (liaif^t density liciite. high moltcular weight nnnioiiic 
polvincrs aie efleilist lion ulaiits in iiiaiiv sysleiiis bcLause oi iheii abilits to 
aiifriit find hold colloidal panicles al polar sites on ihe inolecule Ijiubmiio^, 
because ol iheir molectdai si/e, ihey can btidge logethei many sintdl particles 
So, as a geiieial inle, cationics aie designed to woik at lov^ei uH values , 
aiiioniis al liiglici Noiiionics and ciuateinaiies arc oiiK slnrhlK inllurnrcri b^ 
HTT Tie ^eiieial lule should nol be intc ipieted to nitan that anionic polyinei s 
do nol woik al low pN \alu( il snnph means i 1 il\ aie no loii^ei ionic 1 bes nia\ 
ptodutL fri>i)r| tpsidls in fliKculaliii^ solids al low pi I siniplv beiause ol then 
iionionu bonds I l u sam e applies tocaliiiiiKs, even llinugh ihev aie not chai|;eil 
■It high nil . lhe\ max ait a^ elleihvc niagulanls liCLause ol ihen piWAl |{lbi.i|>r 
Oifianic poKineis rixeicoiiie iiiaiix nl the ptohleiiis inheieril in I he use of alum 
Ol non salts I best pnlxineis an long chain nigainc molecules made up of sniall 
building blocks lalli d monoiiu is i epLaicd along the (ham Hi pending on ihe 
SI 1(1 non ol iiioiioiiKIS and piocissijig melliods a wide vaiielv of pol\iiieis ran 
be made ol \aiious i onligiiralions and moleculai weights Moleculai weight is 
pi opoi lional lo poUmei i ham Jeiiglh ihc wide sc U i lion ol strut luies and molet- 
id.ir uiighrs iiiakrs ii possihli to ilesigii a polvmci speciliialls lor a given mag 
illation Ol Hoc f Illation piohh III but this is siddom piaciiialloi eionomic leasims 
Ol gallic polviniis used m water lit aline ill ate ol iwo iiia|ot tv pcs, coagulants 
anil Hotciil.iiiis ( o.igiilaiUs .in pnsilivilv chaiged molecules cd lelalivelv low 
moUcul.ii wtiglii Mllioiigh tluv exhibit sonic lencleiicv loi budging , ihev aie 
iioi p.iiticLil.iilv c flee live ilonulaiils lIcKculani polviniis have nuuh liighui 
iiiolicul.il wLigliis pioviding long biirlgis bLlwein sin.dl IIihs lotiihaini pai- 
lick gniv\ ill I loiLid.iiUs ait t ithi 1 cationic anionic tn iionionii I he flottulanl 
ihal winks hi si in .inv svstciii c.iii In dclii mined oidv ihiongh labtnainis screen¬ 
ing and in-plaril li sling Polviiiei Hoicidanis, unlikL coagulants ait nol sckctecl 
lot lit nil ah/alion l.ililc K ) lists some iliaiacici istics ol i miimoiilv uscdoiganic 
loagiilaiils and Hocc iilaiils nsid in walci licaliiitnl 

I iilikc iiiofgaiiK salts, pnivmeis do iioi pinduce voluminous, geLuinoiis Hoc 
111 applicaiions while addiiioiial solids iinpiove lesulls, inoiganii coagidants oi 



pM -- 

Rgurv B.5 (anLi.ili/Lcl ploi showing loss ol Lalioiiu 
sliLiiglli loi liiciai\ pol\ .iiiiiiiL s as pll iiiiil.isls and 
icIaiiM pH link pi inkluc ol i|iiiiiLinaiv .iiiiim 
loagiiltinls 
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TABLE B .3 SoifM CharadsilBlIci of Organic Poiymara 


C lass 


Mol v^i laiigfs form and availabilii) 


1 (^atinriiL Ltu|(Lilaiils 

Piil\amines 
Poivtjuaiei naiies 
PoM)\I)M \C 
I pi UM \ 

2 (^atuiiiu lloiiulaiiis 

LriiMiKiiieis ol 
\(islami(1r anil [)M4f M 
^Lislamiile anil DADM \( 
Maiinuh ainiiiL's 

S Noniiiini NoKul.iiiis 
PiiKaiislaiiiKli s 


All ai V asailahli as aqueous solunons 


0\Li PinMlits Ol tmiilsions 
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lias ma\ he iec|uiierl tn siipplrnirnl ihe nst i)l pnKnuis riihiiais iln nni atleil 
pH, nin IS tIuMi peilnnnatue as sriisitiM lo iht pH i)l lh( Miiili'il k.iIi r as nichil 
coa^ulaius 

ACTIVATED SILICA 

Some 111(11 ^aiiu (oinpouiids i an Ih' pol\ hum i/ed in Uiiin in lot in iikii^iIIIil pr»1\ 
inei flnirulanis Aclivaiid silna (siinuliiiirs idenliliLd as SiOj ) is an exainple 
Will'll sndiiini siliiaie, wliuli Kiiiiaiiis alk.ili is diliJiiMl in 1 V 2 0'^ and llirii 
partiallv nriiliali/cd (iisualh with (hiniine in snclniin hii ailmiiair), the silua 
i>ec(HiiL‘S uillnulal and then he^llls in slowU pi>l\rneti/r Altei Irii "^0 

ininiires, ihe sdIuikiii is iIiIijumI in ahniii 0 V 1 O^r SiO^ aiiL'slin^ lurthif pnl\ 
nieii/alion, pinduLiii); ai malt d siliia Althiiii^h tins piipaiaiinn pirntMliiii is 
LOiliplifatrd, ihis is a >ei\ eHrimc Hniiulaiit tin snili apphiaiinns as assistni|) 
alum treainiciil Ini inlni reinmal and iiiipin\iii^ the snileniini id (n^anl(- 
contaiiiin^ waters, siiih as siitnc nl iht (olined well waters in llniida 


APPLICATIONS OF COAGULATION 
AND FLOCCULATION 

A sample id tuihid water in a ^ladualed ivliiidei separates inin iwn layers, the 
settleable anrl the inlloirlal sidids (figure H 6) In law water tlarifiialion a cnagu- 
lani IS almnst alw.i\s used since the irdloidal ha/e must be reinoveil fri prndute 
the hiw turbidilv demanded bv riirist water-using piircess^s Jn waslewalei 
clanhialiiiii, a tnagulaiU is required only where the suspended solids ireate 
a problem in meciing efliueiii guidelines, here a floLtulanl may Ire required lo 
speed the selthnf; rate 

Twro types id laboratory tests are used lo seleil the tx'st iheniiial and approxi¬ 
mate dosage lei el required tor clanhcaiion (1) the jar lest, and (2) the tylinder 






Figure B .6 lUv snliil punirU's in 
iIk‘ It'll tone are a t nn^ltinieruUnn 
1)1 niaU'rials nl varioim paiiirle 
sizes, irleiiiifii’il as suspeiuierl 
solids. Alrt‘1 sculin^ loi Md niiii- 
iilrs, iv\'o liatlinns are ohiaiiierl 
(ri^lii (fine); seiileahle soliils. ex- 
ptessi'd as nil/l and tiirliidity, ex- 
pressetl in tieplieliimeirii uiiiis. 



icsr. riic jar test, is usltJ when ihc sneani in he elarified hiis less ilian approxi- 
inaiely TiOOd in^r/l siispctuleil snlitls. Raw waier claririi.aiioiu .setlliiig nl biologieal 
solids, and iiiosi priinaiA waste streams arc in ihis ealegory. The eylindcr test is 
used li)i heavv slurry slreanis where suspended solids exceed approxiinaiely 
oOOO mg/I. dual and mineral |)roeessing wastes and the sludge resulting from 
a primary elariliration are examples id lieavy slurries. 

I'he jar lesi siiiiidalcs the types ul mixing and setilirig conditions liiiind in a 
t lariricalion plant. I'lie laboratory unit lor riinniiig these tests (rigure 8 . 7 ) allows 
up to six individual tests to be run simultaneously. I he jar tester has a variable 
siX'ed motor that allows control of the inixiug energy in the jars. 





Figure B.B in) I Iil tu.i^iil.ini is iiu.ismc d iiiin ,t s.iiiiplt til liiiliiil iIl i wiih i liii^li lU 11 
i)t nii\iii|' (/;) Mill I rMfriilaiil acifliiiiiii partiili f^rowth iii i iii s l)t i .lusi olih.ii^c iiiiiiiil 
i/alinii Adililiniial i nagultiiit in i liigli nii»U i iilai lliuiiil.iiil ni«iv lliiiihi arlcU rl (f ) \tii i 
JliM I iiLiiioii ill a \Li\ inw siiriiii^ sfKicI— H) 1'i ipiri Ini ixjriiph ihi s.inipU is i\ 
■iiniiiid tillLi .III LSlalilishi il liiiiL pi ruifl \iiili ilu htii piiipnini lln« wliii li li is i si <ipi il i ii 
liapmini l)\ the laif^ci Him (ri) I In siiptiiialani is tv.iniiiiLil .mil iisurl .illii 'i 11 ) mm 
ulLS SI iiliiiK iimi anil ilu iidiiiii and voliiiiii iil ihi Him iiiav 1 h iiciiirlid In sniiu lasis 
rliL IliK IS iiclaimcd Ini iisl hi iIii iilxl sirus id jai icsis 










( Kiiifiutiiiii fisulis ail sLnsjiixr if> ilitiniial dosage iiiixin^r Lnei^\, anil 
leii^rli 111 mixing; I i^iiii K H shims a tvpiial sc(|ULnie in jai ltstln^ whnc a cnl- 
loirlal ha/i is iciiiiiMrl 1 hi ina^ulaiil is acldicl uiih hi(>h lmim to dispersi il 
111 lilt walii anil pioinoli iniiiasifl liLquiiiix uf lullisioiis I lit (liiialion mas 
lu shnil less than run iiiiiiiiU A piiKmit floiiiilant, il iif|iiiiefl is aililirl 
iliiniig the Iasi hx\ sliijiiiIs dI tin lapiil mix In ihi shm mix peiioil uhith 
liillims lloi hiiililiiig picuiirls uniil ilu llni Ihiiiiuls sn hig lhat sluai femes 
linalK mill unit llii hiitlging louts In taking llii floi apaii I his limils ihi 
si/t 111 lliL Mill Mill slow iinxing Ini an iipiiiiiiini piiiiiil ril liiiii Itiiinrl oiih h\ 
upialiil Usis (iJsualK ^11 iiuniilts) tin. jais an allnwrrl to stltU liii 5-10 
niiiiult s 

)ais wiih iliffiiLiii ilitiiiH ils 111 till siniL ilitmiial al ililliicnl tlosagis au 
mil suit h\ siili and tin iisuhs i nnipai til lint sittlingiali tinal ilaiiix ni sus 
|ic nrli il sr>lirls iinl miIuiih nf sliiilgi pincluiLil (if int asmalili) an luntiaslt'd 
liLiwLiji I IIS Mlliniigli flaiilx t.in hi )iidgiil liv tin lm ilii limit act matt 
staiidaid nnasmi nu lU is niadt uith a Inihiflinutci (I igiiu H Ot Dilni f|ualit\ 
lists smh as pll Ht)l) inlrii ( ()1) and siiliihk mil ils in mil nn ilit si ttlrd 
w llii 111 islililish |u 1 loi iiMiii 1 slaiirlaids 

Ilu ixliinlii K SI fltsigiKil 111 mrlu 111 him Iasi ilu susptinltd solids will 
SI till Liii|iln\sa 'lOO nil sirip|Kiifl giadiiaticl ivlinrki sitipwalih iiutl lalmaii 
1(11 rinsing ilu (lumu il hr mg LX.ihiiUd Ilu shitiv saniplt is pl.ucil in ihi 
ixlindii I In mu il is iddt d inrl ilu ixliniki giiilh iiULiud si m i d linus 
Mixing IS mill II U ss s( \ 111 ili in in I hi | ii ft si hi t nisi solids ii i pi l sliiI il miuh 
iiiglii 1 UmIs sn ih.tf liti|iiini (olhsions i ni oilui at ihi Inwit mixing tiuigx 
Mill mixing ilu ixliiifUi is si i upiigln anil ilu iiiuilaii hilwiin itu xvatti 
anrl ihi siillmg solids nlisiiMtl 1 mu tnd solids linl «in ntiiiikd mil ilu 
il 11 I in plollifl on 1 gi iph \s 111 lilt I 11 list a iiuiiiIki of analMii il tests laii 
hi mil oil ilu lit 11 walii himiMi ia])id settling laU is iisiialh the goal B\ 
miming loagnlanls anrl lliiii id nils at rhlliiiiil rinsagt s anil imnpaimg selllmg 
iitis ilu mnsl I fit Him piodiiiLs an silitliil 1 iguit H 10 dliistialts ihe it 
suits id ivhmki tt sis loiidiiiltd on a lOiil sliiiix 


Sampla i 




Figure B.9 Imbidinu Ui used lm itiniiiiuuush mmiimnng a law wain sLirani lu assist 
111 tilt Luiiliiil ol tiiagulanl ilusagi (( »urtt\y of Hath i htiniial f umpari') ) 







Hgure 6.10 l\liniUi Ilsis uii .1 i d.iI sliJii\ \fur 1 lu iiiil.i 1 m .itiiuni ilii 
5 (JO-tiil r IS irnriIr rl sLM 1 .il mill s ill mix mil iiiiliiii lliii i iilalinii diirl 

the* drop in miIicIs inleHaic is iiiusiiuil <11 hxcrl linn iriiiixtils as slims 11 
alif >\ L 


PLANT DESIGN 

1 he flowsheet of a siiifdce waiei rlciiihiarn>n plant shows flow the prinuples of 
1 Odgtilalifin diirl flociulatjon apph to adual plant design (leneiallv. the lowe? 
rhe suspended solids in the proiess siirain, 01 the In^liei the leipiiieil efllueiit 
(laiit), the moie cniiial is nuxiii^ to the final lesiilts Suifriie watei is relalnelv 
low in suspended solirls and leinrnal to a low rout entiation ol lesidual solids 
IS usiialh reijuired l^oi tins leasoii mans waiei plains are rlest^ned with Hash 
mixing and floiculdlion mixing 1 Ik |ai lest piotiMol ol lapiri and slow mixing, 
which winks best foi lau waiei clanhialion, is iliipliialed on the plant scale 
Flash mixing is anoiriplished 111 seseial wa\s iii-line fndiaulir niixing (ligiiie 
R 11), and liigh-s|it‘ecl mixing in a small mixing basin (I iguie H 12) 1 he loagii- 
lant IS added ai m Ixdine the flash mix 

Flocculation mixing imiuis 111 geiitly siiriecl loiiiparimenis Iwo lominon 
IliKtuldior designs are the hon/onial reel (Figiiie K 1!)) and the uiihme mixei 
(Figure R 14) Vaiiable spewed motois mav l>e pinvicied to allow sarialion in nnx- 
irig eiu‘rgv Some plants einplo> h>dtaulK Hoiculation mixing, bul this has 
limited use because ils eflcitiveness falls oil at leduced flows 
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Sill oi Liilfii icmoval in law waUi is di>tu using ^ivo basic ricaLmtiiL siluines 
luiivenLinnal danhiation ni ilneci lillratimi 1 he most common plant 0]>eraUon 
IS Loiivciilional lapid mix slow mix seiliriKiitation and filtiation (PiguiL H 15) 
Histoiitallv alum has htiu most widilv used btcause ihe opLimum pH is olteii 
IkIow h 0 It IS ltd at the htad ol the plant siiiiitlinus in (onjuiiitioii with alkali 
Ini pH lonliol lion sails ate si Idimi usid BiLdust alum floi is liglil apolsiiui 
Hociuldiu IS Lisuall) ui|uirtd in udiuL ilu taiisovet ol Hoc iioiii ihc scltling 
basin In iht hllcis 

PoKmiT loagulanis often ait used lo tithii iiplait rii itdiiic inoiganif 
sills 1 lie poUiiui Loagiilant is addi d ii ihi flash mix In soiiu wain alum 
lan 1 m icplaicd onh if lla^ is led loadd tnougli to ihi law waUi In insiiri high 
cnllision iiLi]ULnc\ ami lo add wugiil in iht Moi An aluriiali iiiLlhod is to 
Mliitn sludgi iioiii ilir holioiii of the si tiling basin in llit lapid mix 
Wlun lilt coloi Ol luibiilir\ is \ l \\ low in llit' i iw wiUi diicit filtiaiion is 
oflin |ii iiMtLrl 111 w iiii tliiifii ilinn plains In i finer I JiIHlUioii plain walii 
passes thioiigh II isli mixing somLlimts i llociiililoi and tlicn diitilK to ilu 
IdiMsfliguii Sill) Ilu It 111 so fi w solids in ilu w lit r llial ilu fillLi s do nol 
plug txrtssivth \ ]iohnut is ustil is iht ))iimii\ loiguliin in ihis juniLss 
Slim inntgniu sdls idd solirls wlnih loiilil clog ihi hllci 

Wisiiwiiti slit ims iisiiilh lii\t higliii solids lhan law uaici and ilu ic 
(|initil susptniliil solids luiinvil ma\ mil bi as sliiiigiiU (itiieiallv lor w isk 
wiUi tl iiifit moil IimIi iiilir mixing his Inin wiiliK iistd in rhe past hui 
luwti |)liius III 1)1 ing d( signed willi iiitiliiniiil mixing simil n in i iw wilii 
1 1 11 till Llioii pi mis In impi nvi 11 iiio\ il ol siispt iirlc rl solids 



Rgure B15 ( nnMiilintial litsign w lui lit tinitni |jlinl slniwiiig nil t>pt Hmiiil jliiin 
mills iLctangiilii striinuniiiion hasiiis in pai illtl wiili loiniiiiin wall imisiiiiiiiiin and 
sludge inllf iliiMi flights I mil hllralinn is iiiil slinwii {( outh\’\ of / \ft { mpmaUmi } 
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Chapter 9 

Solids/Liquids 

Separation 


Snlicls/lii]iiuls SI|jiiiatiun in ualLi tiLalnieiil iiuluilcs the piiHessus lr>i icmosal 
1)1 suspendcil solifls li 1)111 uaiLi bv sect i men tat ion, stiaming, Hntatioii and liltta- 
linii, II also iiuludes sr)lids llnikilling and deHaleiing b\ g*avii\, sediincntaLion, 
ilolation I eniiilugatioii, and hllralioii Suspended soliils aic dciined as those 
laptiiied h\ hltialinn ihiniigh a glass wool mat oi a 0 4 *) niiiiDii hllei iiiem- 
biaiie 1 hose solids passing lliiough aie considiied to he lolloidal oi dissoKed 
Seledion ol the speiifii pioiess or lombiiied pi oiesses toi lemoxal ol suspended 
solids lioiii watei dt pi nils on the ihaiaitei oi the solids, then loiueniiatinn, 
aiirl the iei|ULied liltiali clarii\ Poi e\ample, \iiy laigi and hea\^ solids tan 
he lemosid b\ a simpli bai smeii oi sliaiiiei Fine solids mas ler^une both 
seilimenr.iiion and liltiaiion, iisiialh aided b\ theiniLj] tieatineni Iheappioxi- 
iiialL lelaLioiisliip id pailiile si/i to the S/L sepaiation dexiies used m watei 
treaimeiil is shown b\ Figuii h I 

Stiaimiig iiiiludes suth i oii\ i iition.il dixices as bat siiiens (Figuie ^), 
tiasehng ttash scieens, and nmiosiiaiiieis In some plants, iiisitad ol using 
si teens, a ilesiie tailed a lomimnuloi guilds tiu solids so dies will settle and 
not intiilere with ilu stflimentalion ii|uipiiieni 

MICROSTRAINING 

In some applicalioiis, innlosiiainiiig laii hi used instead ol giaiiulai media hl- 
tiation lor solids redintioii Mm osliammg has been iisi d loi mans veais lor 
•dgae lemosal m Fiiglaiid and is uhed as a Urtiaiv polishing step in some waste- 
ssarei lieatment plants iii the I iiiied Slates 

\ tvpiial miLioslidining svsitm is shown in liguie 9 3 1 he unit lunsists oi 
a motoi ill wen totaling diinii mimiited hoii/oiiLalls in a leilangulai pit oi sat 
I he rigid drum siippoit sliiictiiiL has either a stainless steel oi plasm (poh- 
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Figure 9.1 \|i|iiii\iiii iti 

111 w tin 

t su 1 ) \\ii\i II sn 1111 niM 1111 ^ lasii ni il If) ii Mtshsi/i is iiin in kll\ iii liii I") fiM 
nniiini i<iinrc Siiiikmuus .i plialLrl n)iili|*iii .itinii is iisi d In iiuiiisi suil.iii 
died 

I ceil passes finin llu inside in llic ruilsnli n1 llii ill inn dtpnsilin^ snlirls nii 
llic niiK 1 snildic Wdlci jt Is nn lnp nl llii st 111 n ilisliirl^i inllKiid snliils niln 
dudsuhnppti \V 111 11 hiiiJn^ii dl i^timili IS .1 pinhli III llit units iiid\ hi ii|iiijjpi d 
wilh l\ li[j|ils I Jit pciipluiil diuiii spicfJ IS iisii.illv .idjijsldhlf I illi iiinii 
IdlLs aiL 111 tin if) ^f) I'piiidi I ni^c I’li ssliil dinp lliiniif^li iJil si itiii is \ fi 
lljO uliiJi lu.ui loss lliioLi^li llu tiiiiipliit svsltiii is in llu 12 IH () i.iii^l 
Muiiisiiaiiui iniiunt is nstrl in haikuasli anil Jni solids iiiiin\.iJ II ^i t asi 
dlgdL oi sliriu ciiL pTisiiif hoi \stiii uasli and indnsliial ilLdiuis nia\ hi ir 
quiicil al rignlai iiiuivals in iJisInd;*! llu si inaltii.ils 

SEDIMENTATION 

Si'cliiiieiUaLiriii is llu icmnxal nl siispt luh d snlids lioiii wain h\ axUalioiial 
sctilin^ Molalioii is .ilsti a ^antv sipataiion lull is iiiaKd .is .i stjiaialL pioiiss 
In piocluLL SLclinitnlalioii tlu \(lniil\ of thL want iiiiisl Iil it dm id in a pninl 
wlu'K' solids will St nil h> ^ia\it> il rhi iltliMilinii iiiiii in llu sLiliiruMiialioii 
\es«it*l IS ffrcai rnrni^h I he elieLl of oserflnw rail on sliding is shown in li(*ufc 
Q 4 

I he st tiliiifr Idle of pal lilies IS afiteted h\ iluii si/i, shape and densih as well 
as hv the lif|iiiil ihe) ait seilliii^ ihiougli Asa partiili sLliles, ii aiicicialis until 
th( frutinnal dia^ of its suilate against the lii]Liid equ.ds the weigfil of the pai 
tide 111 ihe sus|Hncljng Mind Ihe 11 laliiiiiship giueiniiif]; pailule siltling is 
given h> the fiilluwing LquaUiin 
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Figure 9.2 B.n si u 1 n willi .uitoiu.nii ih anmi; iniiluiiusni 
{i 1/ i Hi ih\ a lif\nn)rl ( nw/inn^ ) 


u III 11 / iJii|it lliiiL< Irii i i 

l;! .i\il.iiiiiii.il i fiiisl.iiii 
/ \ IlllllIlL Ilf lIlL |l.ll III ll 

S , — illiiMl\ 111 till p.ii ink 
S ill iisirx III llu lliiiil 

HINDERED SETTLING 

\Mini pailiilrs srtilr lhinni>li a 111 liri* fall the lii|iiirl rlispkuiMl h\ ihe 

p.iiliiks tiuiM's ii|i\\aiil .iiul llu sp.iit luMueiii llu |i.iiliiles is so lai^i' lhal llie 
I iMiiiii I fliiw Ilf wak I ikii s 1U1I mil I pose fi 11 lion When iln piiiiuUs apjiioaih 
llu hiitiom 111 the \essel anil hegiii In loiiii a lii|Ui[l/siilifl iiileifaie, ihen liee- 
l.ill vefiuih isaiit'sieil llu lolleileil soliils, ni shnl^c, now sli>ul\ loiiipaLl 111 a 
pi 01 ess know 11 as finitlei eil ^elllin^ In hiiuleiLMl sellliii^. ihe pai lilies aie spai ei] 
so ilosel\ lhal the fiulion pinrliiieH the \elniii\ of the ualei heiii|i rlis- 
plaieil Intel lei es with |iailiile iiiii\emeiii hi{:;iiie (1 "1 illiisliates the ih.in^e lioin 
flee l.ill III fiinilereil seltliii^ \s seilimeiilation iiinliniies, the pai tides 1 eadi a 
pieMoiisU esi.ihlislieil flense sluilge la\ei, sellliri^ tlien hei nines e\en slowei 
line In the ajipareiil nut ease in tlensih 111 the 1 i[|liii 1 llnoii^h uhiili the panicles 
aie selilin^ (In^uie 0 ) 
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FIgUfS 9.3 Nf 111 ii^li (iiiu I usiilliii 11 il f >1 liiii siis|}t ikIi il siiliils 11 mil siui III \> 111 1 III 

uasiLU.ilLi i( fi/ ( tnhintif I)i istntf ifit ( tffHf ( om/w//) ) 

SluIui^ latr is alsu allcnid l)> waltr u Kiiisini^ tin riinpLitiiuiL 

tiom skirls’! J ((I 111 ti'VC ) ilfiiiliU s ihi SI 1 all Ini a^i\iii [lisiiiU pailiili 

beiausi hiiili ihc iiriisii\ anil msiosiiv nl tin watii au Kiliiiiil 

In (larifiialiiiii llit riiajni rih|rfii\f nl the si rlinu iilaliiin is ti iliai cllliitnl 
uatei lalluf than a ili nsi nnrhrflnw sliifl|>t ( laiifnannn is iisicl Ini lau 

\\al(.‘T piLpaiatinn anrl loi waslLwaUi tiiaiiiunl Main pirii t ss .ippliialinns alsii 
use Llariliialinii, , sepaialiun nl fines frniii mmI piLpaiatnm tailings 


GRAVITY CLARIFIER DESIGN 

Ihpic ate llirte ifid)nr t>i)cs nl ^ravils tlanluis, plain sedinii niation, snlirls 
iniitail units, anil iniliiirrl plane sellleis lime an se\eial clesifriis nl plain 
sedimeiiialioii basins (claiihers) ceiitri leeii (the ninsi Loiniiuin), teelarigiilai, 
and |>eiipheial leed The lentei Iced ilaiihei has Inui disliinl scMtinns, eaih 
with Its imn funi linn (Tifruie 9 7) 

The inlet seitinn piuvides a simMJlh iTansiiinii Irnm ihe hi^h veluLities nf the 
inHucnt pipe tn the liiw umfnim velmity requited in the settling /ime Ihis 
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Figure 9.4 1*1111111 iiiiiiiXiil \s Iiviiflnu I.IIL h.isi rl mi siilliii^ 

\(liiiil\ il.il.i Im aspiiiliL sxsliiii 



ili.in^r niiisl ht' lairliilh c iiiili nllrcl tu airiiil rut liiiliMii i. sliui i-t ii f uil- 
111^. ilUll I at I M)\ L 1 

I hr i|iiirs( i‘iil srllliii{> /iiiir iiiiisl hr lai^i riinii^h in triluir ihr iirl iipwairl 
flow 111 wain In a V(‘hi(it\ brlim tin siihsiilriiir lair nl ihr snliils Ihr uiillcl 
/mir |iin\iihs a liaiisilimi liniii ilii lf>w M’lnuiv nl ihr srillin^/niir In ihr i rla- 
ii\rl\ hi[;h iixrillnw vrliitiiirs 

I In liMiilli srilinii ihr shiil^r /niir, iiiiisl clIrLlivrJx srlllr, iniiip.iil, ancl 
( nllf ( I srihrls anrl iniinvr this sliiii^r linin tin riaiifiri williniil rhsLiiihiii^ ihr 
srrlinif iilalitjii /nnr abiivt L hi' hnUiiin nl a iiirulai ilaiiliii is nnimallv slnpril 
*) In M ih^tris Id ihr iriilri nl ihr iiiiir whrir shicl^i is inllnlrd in a hnppri fni 
iriiinxal I su.ilh, innhanualls ihixrii shiil^r sMa|)ris plnw ni lakr thr sluil^r 
[inwn thr slnpini; linilnin tn ihe shiilf'c* hnppri Sninr nl llir cnllrilrrl slurl^r ina\ 
1)1 I run ill il III llu frrrlwrll liii smliiig, il ihriiiiial liralinrnl is applii lI 

Ihr inlaiU'iilai basin is sniiirwhat hkr a srilinti lakrii ihinii^h a Lniiri frrcl 
il.nifin with (lie iiilrt at nnr mil, ami llir niiilrl at ihr nihri \ l\piLal irilan^u- 
lai (l.iufiri has a Irnirih In wiilth laiio nl appinxiiiiaii'K 1 in I Shjil|;L irninxal 
in inlaiif;ulai snliinriitalinii tanks is nni inalb auoiiiplishrd bv a dual puipnsr 
lh|)hl sxslrni Ihr flights hist skim thr siiilaie lin irnioval nt Hnalni^ inattri 
and dun liaxrl alnn^ ihr bnllrnn tn innsis (hr slud^L In a disihai^r hnppri 



Free selllmg-Hindered sellling-Compression—► 

Time —► 


Figure 9.5 Iht* sirps in sriding nl pailiiulairs in wairi Paiiiilrs a! firsl 
fall lircl) lhrnii[(h llir wain As Lhr\ Liiiiir iliisri (uirLMhri, ihrii tale nl 
srdimrntation is irsinilrd, and setdcMl shidj^r vnlinne iiiiirasrs In the hnal 
siafTfs, iiiinpaiiimi ni iDrnprrssitin bciiiiius vrix slriw 
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la) (b) 

Figure 9.6 (f?) Hiiuhii'il sl'IiIiiil; is itailierl as pai in iil.iii« hi 
ionic so ilosL lo caili oilu^i ihai I he passages Ihmui hi iIiliii iisiiiii 
rhi abilin ol waiei lo isiapi Ironi tin sluil^t 0) I oinpai non 
ouuis luiiiialK, hut slowK, h\ f»ia\it\ anil In dihviliaiion ol iln 
pariitiiKiies n is aideil In ^tiiih iiio\in /4 iln shnli;r lo ih M'lop 
LI in Ill'S be hiinl ilu iinniii^ pnkiis oi siiapii hlailis loi viaiii 
I eliMse 


Min\c\cr, the suilacr skiriiiniii^ is inil a innnnnn Ic.ilutr, heiiif; used .ilinosl 
e\LUisi\clv fill nastcnatiM lathci than ia\\ uatei lieainiL’iit Ibis fh^lil svsteni 
must iTio\e sJouh tii asrurl tinliLilcnic, whiih loukl intuiliMi with seiiliii^ \n 
adsaiila^e cil this r\pc ol clatihei is that inminnii walls laii l>r used hetween 
multiple milts in leduie constiLution ci>sis (li^iiie K) 

1 hr prriplirial feed (rim Irrtl) daiifiri (Figutr h ^1) allrmpls in iisi the tn 
me Mihimr nl the iiiiiilai ilaiihii hasm Ini sednnt’iii.iliori W.mi inuis ihi 
limei seilinn ai ihe )>ciiphei\ at eMiemels Inw velinities piiniilm^ mmudiaii 
sediinrntaiinii n( laii;r pailiilrs I hr \rlniiiv aiiririairs tnvsanl ihi it him, 
then dtnps as the How is irinsed and lediiril^d tn a peiiphei.il nveiMnw 
wen Since the How paitein depends enliieh on h\rh«iiilits. ihis iipi nl il.niliu 
is scnsitiM tn tempeiatuie changes and load lliH luatioiis Kt i itiiilalinii nl sliid|;>i 
is \cr\ diHuull 111 the peiiphnal feed design 

A secnnrl ina|ni lairgnii nl tlaiifiei is the snlids inniait iiiiil, axailahh in iwn 
basic Upes, the slum leuicul.itinn claiifiei and the slud|;e blankit ilanliii 
(Iniriiies U Id and M II) Hnih nl ihesi inmhiin ilirmiial ini\inc> lint i iil.ninii 
and I laiilitalinn in a single tiiiil In the miMii); /one ol a snlirls innlail ilanliei 
tJir solids inncrntralinii tnai hr as iniuh as Idd limes dial ol ihe simple ilanfiei 
1 his fn^h solids leiel ^lealh iiicieasrs iht lali ol theiiiKal dt tlahili/.itirni ii 
atliniis and piiilnle ^lowlh Because nl these leatiiies die solnl>« Lniiiaii nmls 
are usualK nseil m lime sollrmii); Jii iht' slum ieiiiiiiliilinn iinil, llu lii^li 
Hoc \oliimr is mainianiril In tri iii iilaliciii linm die Hoi i niaiinn /line lo tin 
(laiihcalion /one in the blanket ispe ilaiiliei, the Hot solirls an m.unlanud 
in a Htiidi/ed blanket thinuj'h whuli die watei must How Because n( the m- 
[ leased solirls in a solids coiitait uiiil, ilaiiliti si/e iiiai be lediicefl Iln e\ en 
dLstiibutinn ol the inlet How and die \eiiiial llnw pattern nl diis i\pe claiiliei 
provided lietlei peiloimaiice ihaii staiiilaid hoii/onial How ilaiifiets In pass¬ 
ing ihrnugh the sludge blanket, die laigei Hni seldes in die boltniii bv gtaiili 
and the leniammg fine fine is lemoveil bv stiaming and adsnijiiion 

Variable s|M^ed inixeis aie used to iniitiol Hoi cidatinii and solids toiuetilia- 
tion in die leactioii /one fhe solids coneenliaiion m die leaihnii /niir is 
niainlaiiipd b\ bleeding solids niil ol the svsiem tnbalaiue those cnmingm with the 
raw water and the solirls pioduted b\ cheiniLal leaction Shirlge irmnval lan be 
aicomplished eidiei b) a sludge blow off pipe as in Figute ^11^, nr bv a 
I onventioiial lake and pump s\stern as m figiiie H 1'^ B.iliinung die snlids 
biidgel—solids input veisus output—is the most rlifhiult aspect ol c null oiling a 
sludge hlaiikel unit 
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Figure 9.B SkU h\ Siili UI i ni^ul n ilinfins uiih inmimni i\ ill c uli ivilh i ii ixiliii^ 
hiiLl|ii. slutl^i Lolkiliti {( onth\\ ij WtiUt! PnHiw lii t itiu ( hmt^t lititlir, h n ( n fMim 

cimiciitijiioiis ni iniiiliiili\it\ «ii iiiiu d iiiu nals ifiii iii|tiiiii^ i iiu isiiii cl sIul; 
<ii salt intci thi ftid Mu tisulisnf this sliiitdd ht liisiussid with ihi L(|iii|)nuiii 
disi^iii I li nIhiii IS sus|MiUil 

1 dth luiitnisiiii iisii.dh u idih iilisuMd shnwiiii; up as an ippariiil hriil 
111^ of 1 Ik sludge Mfunllust ilisiuihancc s ian he iiaiidiouc jilii i i oiiiliiions 
suih as lii^h Amids oi liiii'lii siiiilii;lii uliiiJi mini liiais ilii sliiili'i iiiilmiiIv 
oi ciicouta^is alj^al prodiiilioii of () 

Hoc s(.|jaiaiois ha\i In c ii a snlulioii inihcsi piohlcins in iii.im ivii\ iliti 
fiers Wwsi uiiils inaih ii]) in iiindiilis lot nisi tllalion in i xiiiiiv nl ilnihii 
dcsif^iis add |ijst Liiini^h Iniliniial iisisi.itiit m lln\^ li> imii nut flu liviliaiilit 
pane 11I and cliiiiiiiaii flu proliliiiis of slioii iiituiiini* anil idih iiitiinis I it> 
Lilt M II shous a i\pi(.il install itiiiii of Hot hunt is in i sliiflL>i hi iiiki i ivpi 
claiihLi Ji^iiit M Pi slums tin disiL(ii ol mii kind nl flnt hai i ii i niniluli 













Flguin 9.11 SIuiIki lilankii iliiiliti piiiMding iiiiii Jsin^ ai ta liii tlu %vdlii iisinginthi 
DUtii annulus tLsuUing iii iicliuing \[1ihi1\ to niaith sludgL siitling lau (( ()urfrk\ of Iht 
Pfrmulit ( rm/Mm ) 
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Figure 9.12 Slurl^i Iiillttlion |II |11 (.UIIIU* loi i Linux il (»1 >liirli;i Itt i i nlli i Mini 

lnip|K 1 i( uf / Hi III\, fi /{tMioitl i nmfiitn\ ) 


In iiinM [l.iiiiins llu iiudii uaii i cliplli iliiini^li wliiili |idi 

{it\vs nuisl Idll IS fill ilu iJiiiii i>f ii\L im III iiinii I lit iiini iii|uiuil Ini ilit 
sliitliTt' In f.ill ihis ilisMiui IS a iiiiiial laitni in liiniiiiii; lIu il.iiiliii iiip.iiiu 
lun siiTiil.li iiHMlifu.ilinns In llu st.iiiil.nil rlLsiu>ii nl ilaiiiiiis iirliiii 

lIu' ilisiaiKu 111 lall tinin litl in iiiiliis, iniicMsiii^ lln iUkUm list i.jii anti 
ladiialK iicliuint; sp.ii l i t c|iiir i nii nis l«ii i l.iiilii aimn 1 hi st .iii tin liiht 
stMlk'i and llu lanitllai sipaialni, ilassifiid as iiuliiu'd plant siiihis 

I hr sn-iallril liihi setllii iiiav in uiil lit a suns nl Jinliiitil liiht s sniiiiwliai 
like a heal rxiliaii^ri buiulli tnniutlLMl at llu ink i in a Unit ulaiinii ihainlui 




SoHdi/UquMt Bvparillon »-11 
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Figure 914 liisl ill ilmn nl lint si|jiiiioi hhkIuIis m i kIuiIi>i hi inkil il ii ilii i (f 

/ / ihn ( I fit I III J 

Hill II lilt iMillilli) 1 11 ( II AM II (I h;iih '■Mli) I hi in^U h 1 im liiitUiriii is x.iiiinl 

lo Mill ilii ur|iiiiiil fliiiv ll IS .illiitiil hx llu LuiuiniialiHii «iiiil ii.iliiii iil llu 
solirls iiul h\ llu ( iisiiiiii; piniissis nl u.ili i filli.ilinii iiiii sliiiljii line killing 
lilt iiiIk siillti 111 IX ilsii lu <1 \ L SSL 1 |Mi k( ll \v nil lliK SL pill atm s iH \Mili pal alli I 
nil lull ll plalL s 




m 


Figure 9.15 IMtislii iiiihIuIi i)l nil lull rl |)l.iUs simiiLiliii^ in 
iliruil lulus llu SI iiinrliilis lulp tipiali/i vtaiii disliiluilinii 
(( ti/ \tMunt Mitfo/iut hu ) 
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[he lamellae separatoi (Figuie Q 17) is mure intiiLale, but the same piinciple 
applies in that the sludge pai tales have a ver\ shim settling distante, and iht 
accumulaied sludge is induced to Aoctulate aiul tmictiuiatf. as it mils down the 
inilined surface I hese units aie ideallv suited lot locali/ed tieatmeiil id in¬ 
dividual isastL stieaiiiii in iiamperi lot alums An example is the instalLiiirm ol 
lamellae sepaiatois foi Healing themiial plant wastes (Figuie M 18) 

A final example ol a gia\it> ilaiilier which is a innililiiatinn ol tht plain 
sedimentation unit is tht lectangiilai diag lank (Figuit M IM) I his is cUsigiuil 
for renioxal of diiisi solids such as gianulaUrl slag liinn a liiunrlis iiipola 
\s the solids aie dragged iinm the \esscl h> (lights moMiig up Iht luaili walci 
diains off, producing a lelatiselv di\ mass Fiagile solids ait hrokui ilown 
h\ iht niosemini ol tht flights up the beach so iht iliag lank is limited in the 
t\pe of solids that can Ik st])arated I he rlctcntinn is iisiialh shoii and omi 
flow claiilv laihct pool c\in when chtmuals aic iisi i1 (oi i oagiilalion and 
flocculation Flowtvci tht diag lank can In inodifud such as h\ }no\idiiig in 
houi 1)1 so ol ihtcMition end pteflotcidilmg ihi hid lorhinti ih.ii warn as 
111 handlmg scale pit solids in a sutl null (J igiiic J(l) 


FIRST PORTION OF 



ESSENTIALLY HORIZONTAL TUBE SETTLER 



STEEPLY INCLINED TUBE SETTLER 


Figure B.1B Ihc basii mbe stiller i iiiifiguialiniis use il wiih Him iiilaiinii and liliialinii 
f( d/ \fptunt ^uruffrH, Int ) 





Figure 9.17 I lusil^ sp.iiiil inilnud pl.iiis (I'lniill.i) iiiijliipl\ rlii stiiliii^ ^iii 

l.iu III .1 siii.ill Miliiini .Mill II iliiii iiisUill.iliiHi spdii i( r>/ /V/iAsn/i f tnlmrUum } 


FLOTATION CLARIFICATION 

SmImIs r .111 alsii hr iriniiNLii limn wain iisin^ an aii-llnLalion ilatilin siiih as 
ihr iinr shnwn in 1 i^iiii M 21 In this iinii. light snliils air lliiatrcl lo ihr suihur 
l)V an hiihhirs iinil skiiiiinrrl iiH whilr luM\m solids an* silllril and irmovrd in 
ihr nm in«d lashion 

All lloiation has iK'ni nstd Ini mans \rais in the mining mdiisiis Im inn- 
(rniiaiirig ininnal rnrs, and in ihr pajin indusiis Ini tirating white watn Ini 
hhri iriiixri) and watn claiiliialinn Ihr use nl ilissnUrd an Hotalinn lias 
hrnadrnrd to iniludr liralmrnt nl oils waste limn irhiieiies, petinchrmiLdl 
plants, sirrl rolling nulls, .uilnmnlise plants, and lailinad tennmals In these in- 
rliistiies, ihr nil in ihr waste ma> mat solids paitiilrs. giving them a trndrncy to 
lloai I at her than settle In these appliiations, the an llotation ilaiihei is ohen 
pirceded hs an API sep.iialoi foi the removal ol tree oil (Figure 22) 

Aiuithri imptiiianl appluaticni ol dissolved an llotation is Imid nidusii^ waste 
Iteatment Meal and scalood piiKessing plants, cannencs, and wineries have 
signifiLantl) rrduied BOl) anti suspenilrtl solids using an nntalion equipment. 



Figure 9.1 B liisiall itiim nl I I mu III upi «triilii in 
a ilitmiiial plain ilaiilung ui^iiuiiii (rri/^/rs\ / 

PafkstiH ( offttnaitoH i 


In flolaluin claiifii.tlion iht uasti Ilou is iisiialK pi t ssiii i/c li .tiul su|hi 
saliifalLul willi an Whin the pi l*ssuii is iikasitl an cdiiks mil ul sDlulinii 
finniin^ niui ri-huhlili s ufiiili lliiai ihi siiliils In ilu siii l.ii l In smiii i isi s 
instLarl nl |ii(*ssuii/in^ tlic inJIiuiit .ipniliminl llii i Ifliu ill is ic i vi IliI llii nii^li 
an an saluialinii lank in iiilh rlii It til slit am as riistussiil l.iU i 

In 11 Laiinjyr wasU s [ (iiilanmijr snlirls wliii li U'liil in final in llnitilinn max hi sn 
ctfLtlive lliai II mav luliiu i larilnalinn iinii In I") !i() minuus ilLlinlmn liiiu 


Colleclor drive 



Figure 9.19 Siinpli sipaiaini fm siiilitiK and itnimil nl ^iiirx nnn hMliniis 
snlids Iriim xxasrii^arn Sfinu ric x^alt iiii^ imiiiisihi llu iriiliiu ahnvi ilu walti 
liiu (t ou7tf\\ tij f \U ( oiptnatwn } 
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IlDlalion iLiiilin ( ^llnrltI U sis pilni plant it sis oi hixli ait list rl lo stkil tin 
best ilieniiitil 

THEORY 

flit aninuni iil an that tan bt clissiil\til iii waiii is ili u i niiiit il l)\ I]liii\ s I au 
wbiih suits ihal liii nniiitiin/iii^ g.ist s r»l lim soJliIjiIiix llu Mihiint clissnUiil in 
ualei xarics uith absnlult pressure \l /"i psia (I b.its) ini iviinpli *] riiiii s as 
iiiiilIi an tan bt* iJissnlvtil in ualLi as at aiinnsplu i n )>ussiiii llu i|uaniil> i)l 
);(as llial will theiirc titall> ht uli astil iiniii snliitiDii win n pit ssiiit is it rliut il in 
atmnspht*iii is 


when fr/f — j>as I Ht astil in^/l 

— ^as solubihiv .11 aiiniisphtiit piissun ln^/l (Stt l.iblt '1 1 } 

— ahsriluU pussiiit 111 saliiTaiiiin lank psi.i 


TABLE 9 1 Gm Solubility ml Atmoaphoric ProMure in cc/l 


It in|KialiJi( 

() 

\ 

\ii 

in (1 

10 1 

1H 0 


in‘'( 1) 

h 0 

0 

0 

ill ( ll>K 11 

h r, 

IJ \ 

IH S 

<I)”C (H(> I) 

5 1 

10 ■» 

Ih 0 

Ml“( (I04M) 

1 0 

0 J 

M 1 

>U°( (Iii !•) 

1 “i 

H ") 

1 t 0 


1 he abn\L must l>e inrreilerl frji ihc iihtKiif> nt ahsiiiptinn in the s.iiura 
non vessel, whuh is iriHuciHtd b> mixing anil detenlmn litm llu tihiieiiis 
\aries in the langt of 40-b0'^/(, so the gas reltascii would lypicallv Ik ahoul hall 
ol that dctci mined bv the aluivc for inula 

The an bubbles fornud in a 1)41 iiriil noi mails laiiy a slight ncgalivt 
charge Depending on rhe t\pt of parliiidate matter and the degree ol agglom¬ 
eration of the solids, ihe air bubbles tan attat h themselves b\ an) ol the following 
inei hanisms 

I Simple arihcsion of the air bubble lo ihe solid snilaic 1 his can iiicin 
either through lolhsion or by formation of the air bubble on the paititle suifare 











2, trapping ol an bubbles uiiilei sludge Him, suih that the waste paitiLlc 
‘‘takes a ride” tci the stiifaie Sonietimcs lelerred lo as "screening,” this implies 
that there need be nii real attachment of an bubbles lo sludge parliiles lo ac¬ 
complish Hotatioii 

Incorpoiation ol an bubbles into floe siiuMuies I his is l)elie\ed lo 1 m‘ 
ihe most eHicienl mode of an usage Ixuatise llieie is less [hanie ol Hric sepaia- 
ticiii horn the an bubble Ibis pioiess is eiii oiiragc'd b\ the use of poKelei 110 - 
iMes, ulinh when applied loiieiilv, will cause the flociulalioii of sludge paili¬ 
lies ai the sites wheie an bubbles aie lomiiig out ol solution 

SiiH e the net specifii gi.ixitv ol the ait-solid 01 an-lit|uiil pai tillers is less than 
that ol walei, tliev use to the snilaie Iheie, lhe\ ionsolidalr to Inim a final, 
which can he lemoxed h\ ineihanical skininiLis 1 lu cleat snhnalaiil is wilh- 
rliawn lioin the Imlloin ol ihc unit Figute U 21 shows a iioss section ol a ivpieal 
hoti/onial iiiiil 

rsii.ilb the si/e ol a flolalion iiiiil is selected on the basis nl solids loarling on 
the liiillorn. e\piessecl as lli/lii^r{ ll of flooi aiea l)e|)ending on the naluie of the 
solids, the llooi loafling laiigts lioiii O') lo *) 0 llVhi/scj ft (2 k.g/h]/in~) 

the liMlianlic load and inlel solids 1 oiueniialion must he halaiued to aiini 
at an .icccpiabU llooi loading I 01 instance, a unit designed to handle a llooi 
loading 111 2 Ih/lii/sif ll lan handk a hxrliaiilu loading ol OH gpiii/sc} it 
lO it in'/inin nr) .11 0 Vt solids (‘iOOO ing/ 1 ) 01 1 h gprii/scj ft al 0 25 'r solids 
r'J'iliO nigd) wiili ahoiii cijci.il cflKUiKx \ lowei Mow lan should he inainlained 
.IS a saleiv lac 101 10 allow foi Miii Illations in c oni enl 1 aiions \ high elllueni 
solids 1 onumliaiion iiiav he tin it still ol an oMiloaded uiiil when this hap- 
jjeiis till iinil let‘d 'should hi closed and efiliieiii 11 cm led in allow the* lank In 
ilcai II rills IS .1 jitisistciil [Jinhltni, il mas be |M)ssiI>1c lo me lease the aiiiimiii 
ol dissolvc'd .III In miii.ismg lln jiiesscne 01 the flow i.iic ol ilii |)ic‘ssLiii/ed 
siicain ll iiia\ hi lucessan lo dec lease ihc unit feed sireani lo loinpciisatc I01 
llu oxen load siniation II the unit is shut dox\n on a dailx basis, ileai watei 
should hi III xilcnl iniiimelx jnioi to shiiidoxxn to ic inoxi siispc niled .nid lloaied 
malt Ilal 


TYPES OF FLOTATION SYSTEMS 

lime.Ill ilnichijsii txpes ol dissolii d .111 lloialioii sxstimsmusi (1 igiiie 0 2 S) 
In diieii aeiaiioii, llu eniiie xx.isti sIumiii is ])ii‘ssiiii/eLl and aeiateil In this 
lase, ihe m.iliiial in he sepaialed iimsi be able to uiilisl.tiid llu slieaiuig foiies 
in llu piessuie piiiiij) .ind jntssuic lelcasc xabe, 01 ilu' Hoc iniisi cjiiii kh 
1 c-loi m .die I llu jiicssuic isiilcMsid 1 liis ini iliocl is idn n iiseil w hen tin sx.isle 
loiuams Dlls (i g , an MM seji.ii.iloi cllliicMil) 

In p.iili.il aLialion, onix a li.iilion ol tin waste stream is jnI'ssiiii/ml 1 Ins 
method lediues puiiijriiig costs when the solids load is light, but it is onIx appli- 
c.ibli while low lo iiuuleraU .nnomiis ol oil aic prescni Ihi‘ amoiiiii rrf jni's- 
SNii/ed Mow IS X. 11 led li.ist'd on llu* 1 eijiiiieil 1 alio ol an in solids on .1 weight basis 
—iioimallx 111 the lange of I) 01 to 0 Oh 

tllliu'iii reivcle is lecoiiiiirended wheie Jiagile Hoc is lormed This tioi wcmlcl 
Ih* di'siioxed hx the intense niiMiig xxliuh niiins in the jn essui i/ation sxstein (las 
IS dissolxeil 111 llu leivile siieain fins stiiMiir is then lomlimed wiili the Iced 
stie.nn al a point xxlieie the |)iessiiii* is iilcMsi'il MiMiig of iliest* siiearns jjiioi lo 
enleiing the lloiatioii /one results 111 11111111.111* lontail ol the jneiipiialccl gas and 
siisjieiicleil solids to efleil elhcieni llotatinii 1 llliii'iil 1 ecuiiiLition is lecjuiiect 
wIiLMi light Hoc I Client solids, such as hiologiial in lixdioMcle sludges aie to lit* 
thickened Flotation aie.is iniisl hr laige xxhen I'lfluent 1 ecuculatirm is emplo\ed, 
since h)iliduhc loading is based on both lecci and lei^ile Hows 
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f Inltilinn is alsn pr u Ik r <1 h> .ipplu ilinii f}i iljspi i si 1 1 .in iiiln a \i ssi J i iiiii iiii 
ini' tiaiLi wirh oih in sniiil pai lu iilali s \m is iiii i li iiik .ill\ uili inn rl .iiirl ills 
|x 1 si^l lliirnn^li lln |](|lji(1 as Jiiu biihlili s in (f niti tsi ton hast nl ilissnUi rl ii.is 
iiniii siiluiitin I lu ilispi 1 SIil an llnlalinii di snin is i spt 11 ill\ sun ilili lin iiiai 
jijl; riil\ vi.isiiwiui iJjifNfi dJIi 


FILTRATION 

Granular Media FilKralion 

(fiaiiulai iiirdia lillialinii is^intialh appliiablt fui 11 iiiri\al nl snspt lulc il snlirls 
in ihr VjO lan^e uben an Hlliic'iil rit li'ss than 1)11 is ir(|iiiiiil Sand 
hhcMs lia\i bcvii ustd Ini main \rais as a filial pnlisliiii^ sir|) in iiiiiiiii ipal anil 
inrliisrnal warn plains ubiii ibt daiJbci ilfliuiil rinilaiiis *>20 inji;/! nl siis 
fK'nilccl solids In aiLas vshni' a \ii\ low luibiitiis law waliM soniit is asailablt, 
SDiiU' plants usL' granular inrdia filliaiinii as the f)nl> iriMliiUMit pinii’ss Ini snlitls 
11 iiiosal, pai 111 iilai l> loi inrliisliial pint c ss wall i (>iaiiulai incrliii bill i s ai i'alsn 
bciiifr used in lilit'i KMtling waiL*i sidcsiUMnis In iriluic' siispt'iidrd sniids 
buildup whtii c-flliunt ilanls is iinl tnrical Cnanulai int'dia liluis ni.i\ handb- 
suspended solids up in 100(1 m^l and pinvirlc* alMUii leninval 




Mldt/LIqMlda SttpMHoii 9-19 

A iiumhri of nitdianisms are iinohtd in solids icnioval h\ fiUiatjoii some* 
phvsual and odurs ilumiial Ihisi Idliatnin nuiliatiisins iiiLludc adsniplKin 
and sli lining 

\dMn|)ni)ii IS rh|>indLiii rin tiu plivsiial ihairuUnstus of the susjHnded 
snlids ainl llu tiln i nudii Ir is i fniulinn nf hltii mi du giain si/i and siiili flrn 
|)i Dpi rill s as si/( sill lit sill nglli anri idht'siMiiLss Xdsni piiDii is alsn idk i U d 
In [hi llu mud i li.iiai ti iisliis nl (lie suspimlid sdIiiIs ihi wain and iht Idlti 
imdi.i I 111 iiiiDMiii nl siiilaii iK|insid fni arlsinplinn is i iidtiiidhs — iliniil 
iOOO ^00(1 s4| It/i ii It d1 nu di 1 Sli iiiiiiig which luiuis in ill giaiiidai nudia 
Idle IS IS llii 1111)0) luiDi iniitnilhiig llu li iigih id/illi i luiis \ ma)iii Dh)L(1iM 
id k>nDrl filii 1 di sit'll is in imiiiim/i sli iiiiint^ sim i il h ills lu i i|jjd lu id loss I his 
oriiiis Ik 1 lusi sii iiiiiiig i mst s i iki fniinition on ihi siiifau (d (lu him birl 
(|) II III III 111\ nil sand lilliis) uiih ihi diposilul i iki iliiii iiLiiii' as llu lillii 
me di 1 I III hill] mull i III t SSI lu ( hii nmi s liiii i is llu i iki tnims nul lu id 
loss null ISIS i\pniu nil dh wilh liiiu 

()Jlhi St \ I 1 d l\|ii s nl filri limn lilt ill I list d to I c iiir)\ t siispc ndid snluls ilu 
innsl inminnii is sdir i s mil hill i iiisht d iiithTiiiU is dsnwidiK list d V\ hi ii i 
sm^li nil diiiiii siiih is sihi i s iiid is iisiil ii will ilissih m llu hlli iiioii vessel 
If t. DI ihii^ Id si/i ihi sill dll si |i II 111 h s I isiiiL* Iff till Inp \Mu ii w ili i fhiws iIdwii 
w nd ihiniiL^li llu s ind wliiih is llu ii idiiiDii il pith sidids foiiii i mil ini tin 
Mill u 1 iml filii iiiDM i\ |Hi illv Di 1 III s III till top h w mi lu s 1 hi s nul is i It aiiLrl 
h\ ii|)w 11 il w ishin^ w nil w 111 I DI wiili w III I md in (hai kvv idi) inri iliis h\ diau 
III ilh 1 1 tssihi s I lu hid ki i [mu' llu JiiK St m I'L 11 tl Dll lop 11 ihi sand i duIiI lu 
In nil il miD I hill I with lhi 1 ngi i gi mis ii llu lop ind llu sm ilh i il tin hnllDin 
ihis iniisi Id fill! *^1 idiju^ wiiiild illim iiirhplh )u lu i iliDii llu iiiLiiastd 
sfdirls slDi 1^1 WDijJd iIIdw longii lilli i inns flnwivii siiiit l> ukw ishiiig fluid 
i/is llu hid llu w isliiil saiiil wiiiild igim iiliini id t liiii lo inaisi ^lading 

II 1 single nu ihiim 1)1 il IS usi d ilii diiIv p ilh in i d ii st h) (mi hiti ainiiis up 
(li)w V\ 111 I IS ippliid inln llu hnllnm nl llu hid Sniids i in piiiiliiU flu 
in list I 1*1 nil nil ilium 1 1 siilliiig in di i pi i lu d hlli ilinii U ii kw islmig ni i iii s m 



Figure 9.24 1)is|uimi1 hi IIdI ninii rvpii dk usiiMin iliiiln iluiii nl nilv w isu ((airWfSv 
Hfwni Dnishm I nmutuh i mlftnatuni I 
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Rgura 9.25 Sihiiii.iiii i1(i.iils i»l IiIii<iiiihi tiniis 
{a) Pttssui L lilic I vt III!«il ixliiKliiial rli si^ii 
nl slid I sii.ilK liiiiiuil ID ID D rlianiitii (ft) («i<ivil\ 
fillL'i usiiall\ 111 LiinuL'U c[JiisliiiiiKiri used in lai^ti 
iiiuiiici|ial and indusliial |ilaiiis 

llic. saiiif rlncLLitiii as ihi hJttaiiiiii lht‘ bid is ilassiliril fine* al tfu tnp In inarst 
at the biittnin I pflrm fillers riper ale al up in 5 gpi]i/sL| ll 

lypiial single inerliuni hlleis npeiali ilimriHriw at 2 f^piTi/sc] ft of lied ana in 
pntahle watei serxiiL, and up in 1 gpni/sc| It in mdusliial filtialiiin 1 hi filter bed 
IS 24 to 30” deep, supported on several ionises nl graded gravel (li^iiii D 2^iry 
and h) 

Silica sand nnimalH has a ^lain si/e id 0 5 in 0 H mm Anlhraeile is usiialh 
about 0 7 mm Smallei f^rains filter bettei, bill bin i tuns are short 1 ai j^er grains 
allow lon^ei hllei runs, but if llu How is tiKi hi^h, h>d]aulit bieaklhroii^h will 
iMcur A coarse filler media will pioduie aiteplable eltlueiil and reasonable 
hkei runs li its depth is increased 



MULTI-MEDIA FILTER BEDS 

A staikcH iiH'clid hvd ni tuo layets (iliial mt^ilia) is one* answci to pioxidinf^ 
loarst III hut* hltiatinii in a ilownflow patlcin Hit Lwii niaieiials st-lt*tieil ha\c 
iliHti rut ^lain si/cs anil rlifli iLiil sptiifii ^lavilits Niuinall) ^louiiil aiiihiadic 
IS uscrl 111 iiin|unLLion with siliia saiui Ihi antliiacilL f^rains uith a spriihi 
^laxih III I h liiiil a ^lain si/v of 1 niin settle, slowti than sand uiLh a spriifii 
^iaMl\ id 2 h"! and a giain si/e of 0 'i mm so tliL coaisp anthiaiitp rpsts on lop id 
the hill sand aim baLkwasliiiifr In a ivpiial final intilia lM*d 20" of anthraiitc is 
plat til aliiivi 10 id sand T Ik* coat sc anthraeite allims deepti bed ppiieti ation 
anil piiiMilcs loii^*i filui mils at lii)ir|iLi filtci lates 1 he iinei sand polishes thi* 
(dlliiini I iidri notinal ciiiiditions, tins dual media can pioduie auepiable 
ellluini at firm i iit s ii]i to i ^piii/sq fl of bed aiea 

Just as iiiaisi Ui fiiiL dual nil dia is inoit tlhcliM than a singk mtdiuiii film 
lurilui iiiipi n\ I nil nt laii bt ^aiiii d In iiiti odiii mg a ihird sinallei licaMLi 
nurlia iinrki tin sand (laiiui with a spt itin gia\il\ of I ^)anda\ci> fiiiL giain 
si/L settling lash i th.iii ibt silua stud i.iii In iisi d as thi bnlioni la\Li A tvpiial 
niiilli mi di 1 ronl.ims 18 id 1 0-1 mm anthiaiite H ol 0 mm siliia sand and 
4 of 0 J 0 4 mm gniiil I Ins filti i opiiatis at IngliLi (low lalts and pioviiits 
iliLpii pt IIIii.ition iiidlongn fillii iinis ilian a smgk oi dual iiudia Idlet 

In ill sign 1 hill I Ini niavimum pii ioiniaiiu the In si i onsideialion is ilu 
ill siM rl ijii iliiv id 1 llliiL111 ] lit SLk i lion id hilt r di sign 1 1 i|uiri d lo pi ridiii c an 

1 liliit 111 ol 0 I I II IS ililh iLiil lioni that iLi|iiiiLil to piodiiii lOJll 

I low 1 iK tlnimgli .1 him is iiiliiai siiiii it hiiiils ihi ilnoiiglipiil and diitates 
lilt numbt 1 id lilit Is II i|mK d (nimalh as flow i.iu iiKitasLs [uiiLtiaiion inlo 
llii hill 1 mriL ISIS I lu How lali is hmittil bv the htad available and the incdi.i 
si/i \s llii nil rh 1 SI Ills lo lo irl with solids the iKt v t lot ilv .it a giv lii How iate 
mill isi s mini sill 11 Inn is It ii ihi solids apai l anil ihi \ csiapc into tin Lllkiint 
Most hill is lit tksigmdlobf bai kwaslml bi loi l ibis biLakthiough oliius at a 
IMiml rlLliimniid bv ht.id loss Ivpiiallv smgk int dia films au baikwasliid 
wliinlliL Iliad loss iiai III s aboui Kill In di t p bt li hln alion a tLimmal luail 
loss of 1 I to JO It IS lidtiabk 

In I hill I gt 1111 miilia siiiii solitk itinov il is piimaiilv ii ioiiiplislic cl m iht 
Inst fiw nil his miiiasing btil ikplli is id lilik valiu LXiLpl foi iinpioving 
hvdi iiiliL ilisiiibiiiioii But 111 toaiSL films wIilil pciiitialion is winUil the 
lonsii llii niidia till diipii must bi tin bid foi Li|ui\akni illliitnl i|ualiiv 

VXalLi tempi laluic alli its lilli i piiioimaiui due lovisiosiiv \t watii 

Mstosiiv IS IKr liighct th.m .It 7 J 1 Uackwasinng on ilu nthci h.intl impiovcs 
w itli 1 idil w lie I smi t nil 11 isi d \ isf ositv iiioi c t ffi i livt 1\ si oiii s llii In d lo ii 
iiiovL solids I loi loimalioii is iiiuili slowii at low ti iiipc ialiiiis so llii hlliiabil 
ilv al 1 given plant mav \ iiv scasonallv In iIil suiiiiiki Hoi inav Slav on the 
sinlatc but piiuiiati rkcplv into iht liltLi m the vunm 

1 lu In St lilt timd oi dt It i mining Idle i me dia si ktlion loi a i he lineal toagula 
lion/Hoeiiilalion piogiam is bv opiiaiion id a pilot lest lokmm A lv|)iial lokimn 
IS shown 111 liguit 0 2 (i ( hinntals tan bt lief diicitlv lo the (okmm oi into a 
sepal all flash iiiix lank ahi ad ol tin cidiimn \.nious laboialorv tests have ln*in 
used to dcmnniu hluiabilitv bui none aie as aiiuiatt as the pilot ust Lolunni 

Septum Filtere 

Whfic snspuidcil solids i one t niralions ai i \ii\ low septum hltiaiion lan In 
used I hi St fillt 1 s aie fdltii 11 It III fl til as OF (diatomaec ous cat ih) film s sinec 
tins niamial is usuallv used as a fillti pitcoat allhougli iitlui hltci aids lan be 
iistd Ihi St plum filtc-i (f iguii 0 27) it lies on a ilim la\ei of picioat applieil as 
asluiiv to a pin mis septum to pi nducc a him mg sui fait tostiamihi suspended 
solids In most cases walci In mg hlteicd is pumped thiougli iliL fillet uiidei 
piessure m speiial designs whcic low head loss is possible the water nia> be 



Figure 9.26 Pilui pLiiii iliul inidu lilui luiiig i^alii.iiirl 
lilt u.iiL 1 fillialinn iii i sue I mill (( uutfi\\ n/ (,m tt 

Hfi/tf ( tmththiutrif* I lotlMH ( titfmiatwti ) 


pulled thiniigh using a jliiuiii As iIu Jilli i lie c oiiu s plii^gt il lu tirl liiss iiii 11 .ist s 
and iliL* snlids, inilnrling pirdial, lia\L lu \n icrnnxcil 1 )\ riMisiiiL; llii llou 
ihiniigh the iiiiit \ ne\\ piedMi is Mien applii d .ind filli.iiiiiii is iisuiiRd I su 
all\ in addiLiini Id the pir kkii, a hods leed ni filtii aid is ust d 1 his buds Iti rl is 
siniph additirjiial filtci aid added In thi inJIuini Id ixlinrl lilu i inns h\ i un 
tinuallv pruviding a liesh lillLi sinlad Bicaiise llu IiIili aid has a ilifliiLnl 
shapic (inni phnlngv) than the snlids in llic ualii, thi hi it ingiiuDiis iiiixluir is 
niDTt pettueahle than the snlids alniiL 

A lelaiixelv high lalin nf filter airl id siispeiukfl snlids is iM|iiiitd lo npi late 
septum fillers niakiiig upeiaiing costs laitlv high 1 hLielnii, lliese units an nni 
as (ommon as graiiulai media fillets in niust industtial s>slems 1)1 Idlers au 
often used for appliLatmns such as iniiimipal svxiiiimirig ptmls, aiirl lhe\ aic 
excellent fin innnval nl nil finm industrial plant lundeiisaLe 

Scptiim fillers can be cleaned of atiumiilalid snlids h> aii-humping, a pinit- 
dure rcc|Uiiing link* nr no water and pi oducing a ihii k sluii\ ni take nf acLiiiiiu- 
laled solids This simplifies solids disposal, and lediiies backwash waic*i lecjiiiie- 
ments flies can also lx: fitted into a rc*1ati\rl\ small spat e, compared in graiuilai 
media fdieis 

While diatomaLeous caith—the lossil lemains nl dialoms, a type ol algae 
having a silica skeleton—is the cornrrionly used filrei aid (see figure 9 28), mix¬ 
tures of Df and asbestos are often used At the high tcni|X*ralures encouiiteied 
III hltration ol oily condeiisate, silica dissolves from the Df hlter lakc, so Solka- 




MIMUqiiMs 


Separation B-2a 

FIim**, a lellulnsir puKluci, is list'd Ui a\iml this piohJtriTi if the tmidciisaie is in 
be ted to a boilci 

THICKENING 

I liiikeiiiii^ IS a soliils/liquids sepaialioii method ustd to me lease die solids lon- 
tcnl cil a sluiiv piioi to deualenii^ Ihiikeniii^ iioimails trillows a ilaiification 
pioiess wheie die sus|KMided solids ha\e been sepaiated tioiii the li(|uid Jn 
claiifuatioii soluls aie noimalls in the 10—1001) m|^/l raii^e, while mlliieni to a 
ihuktiiLi IS iisualls 111 die 0 "y-MVA lange 

I he put pose ol thitkeiim^ is to itiiiease the solids id ilie uiuleifloss, in ilaiili- 
I alion, die pin pose is in i eniose solids and piodui e a i leai c niui nt I he i laiils 
of water leasing a ihiikenei is not as ciitual as the rlensiis ol the iindtiHoss. 
siiiie the ellliient water iiotmalls is leiycled hack to the head of the plant lire 
lliickcneil shiil^t must remain li[|iJid to the extent that it tan be pumped to suh- 
st ipn 111 dtssateim^ operalions In muiiiiipal waste tieatriunt plants, where 
digestion follows ihuktiimif, iinproseil iligesiion and i onsetsaiiun o( digestei 
sp.iiL IS ai hies 111 llnoiigh Ihiikenmg 

In till flaiifiii solids hast separated fioiii the ssalei prniiaiils bs liee-fall 
Mil sohrls (oiler led 111 the lowLi region hasi eiit oiinieieil the c Iftr is ol hindeied 
siitlmg III dll diiikeiiei, thiii is no liee-fall, the piotess ot liinileied settling 
lonliols till ill sign and du final lompailioii ol sluilge 

(■lasils dm ki nnig and flolation dm ki'iiing are the isvo ma|i)i methoLls 

Gravity Thickening 

(iiasils iliu killing IS of tin used in iiiiiiiiiipal pLinis toi piimais sludges and iii 
iinliisiii.d plains loi Liuiiiiial sludgis \ ispiial ihiLkLiimg ojuiatioii in a sitel 
mill will double llit solids iout i ntialion 1 he gtasils pioiess woiks well where 
du s[Hiiln giasiis of the solids is muili greater dian that ol du hL|Liid 

\ giasiis diukiiui IS IoiisliLiLitd itiiii li liki atlaiiliei iisiiallv dies are cmu- 
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Figure 9.27 i i oss si uion nl a 
Lspiial SI |iiiini IS pL lilui di 
sigiif d Ini iisi ol [lialoiuilt oi 
siinilai liliii aiil in wain hliia 
linn {i oj i }oli Rnf*M\ / » 

( oin/Hin\ ) 




Figure B.2B Phnlr>iiiiiin^iii|)h dI flutuniiu film «iiil slmuin^ 
\aiiLt\ Ilf si/( s anil s iil piiiiiiks used fni i\am iilii iinin 

i( fiUfhw uf l\}hn\ Man ilft ) 


lar with a suit w<il] ili pih ol a|)|nfixiiiiat( h 10 liti •inil with llu flinii sliipin^ 
towaiil ihc ii'iilLi 0 20) 1 hi tlnoi is ^iialn than in a ilaiiliii, 

nninialh H tu 10'" \s in a ilaii/iri , tht sJiirl^t is ininiil in a wt 11 h\ a Kike assi iii 
bl\ and then |nJTn[Kd fnil hv a pnsilist displan iru ni pump In a ^ra\it> ihiik 
cner, beuiisi ihi piiut'ss nl hiiiilciud sritliiif^ inntinls snliils innipaLiinii tin 
skidfre idkr aim has a dual puipiisi , ht'sidi‘s lakiiig the snlids in ihi skid^t will, 
the aim IS irmsliuitrd like a picket iLiiiein ^trith inuddk the shiii\ fhsliul^in^ 
jiUeistiUal wdtei imin thi sludf^c. anil piiMiitiiiK biiilf^m^ nf the snlids 

\s the sludge blanket gets deeptr, up In about feel, the densils nl the snlids 
increases, afu*r which thcic js litlk adsanlagc in mi leasing sludgt diptli U hen 
thickening miinuipal sludges, close atleiiiirm nuist l>e paid to llu length of linu 
sludge IS 111 the rhickenc'i, sinii it tan become septii and pindme gas bubbles 
that may upstt the syslein 1 his is paititulatl> true with ihickemiig hinlngual 
secondaiv sludge II septic sludge is eiiiiiuntered, c hint me mav lx* atliled to the 
feed to the thickeiiei The SVK (sludge volume latiri), whiih is userl to mnnilfii 
sludge age, is the solume of sludge in the blanket divided bv the dailv volume ol 
sludge purnfx^d fiom the Lliickenei 1 Ins gives the leientioii lime, whiih is iini- 
mallv between 0 5 and 2 da)s 

ChemIcBl TrsBtmenl 

(chemicals may aid giavity thickimmg Salts ol non and aluminum have little 
effetr, in some cases I hey imptnve the oveiHow clarity, but do nni pi ovule in- 




creased loading. Polymer flocculants are eA'ective laids to gravity thickening. 
Forming larger, heavier flue particles, which settle Faster and form a denser 
sludge. Depending on the sy.stem involved, these polymers can be cationic, 
nonionic or anionic in character. F.FFertive dosages oF polymers usually are in the 
range oF2 to 20 Ih/ton oF sludge solid.s on a dry solids basis. Two Lest methods arc 
used to determine the l>est chemical program: these are a simple cylinder settling 
test and a stirred thickening test shown in Figure where the stirrer rotates 
at only 0.1 -1.0 rpin. The sludge is mixed with chemical, placed in the thickening 
apparatus, and stirred. KFFectiveness oF treatment is dt'termined by measuring 
the density iiF sludge samples removed From the bottom oF the beaker and 
comparing to the concentration iiF unthickened sludge. An alternate method is 
to measure the percentage nl siJ|K'niaie in each sample oF settled sludge 
representing untreated and treated coiiditions. 

When polymer is used in gravity thickening, special attention should be given 
to the applirarion point and to the dilution water rate. Since r)lder gravity thick¬ 
eners were nut designed specilicully to use pf)lyiiiers. Feed taps arc oFten not 
reailily available. Suitable feed jniiiiLs would Ix^ either directly ahead oF the 
thickener to the leed pump, t)r into the sludge Feed line. Dilution water needs to 
be adjusted lor opiiniiiiii dispeisioii ol the polymer into l.he sludge without 
del eating the goal of water removal. 

Thickening by Flotation 

An alieniale to gravity iliiikcning is notation Lhiekciiing. T'liis is u.sually more 
ellective than gravity lliickening when the solids being thickened have a s|3ci:iFic 
gravity near or less iliaii thal (d the lii|ui(l From wliieli ilie\ are being removed. 
Because ol ils high solids loading, a D.AF (dissolveil air fluiaiiuii) thickener nor¬ 
mally occupies or le.ss ol the .s})ace recpiired lor a gravity thickener. 

Flotation may he either dispersed air or di.ssolved air. In dispersed air flota¬ 
tion. hubbies larger than lOf) microns are generated by iiiechanical shearing 



Figure B.29 Sludge thickener designed Fur ihirkcriing pulp mill waste sludge prim lu 
dewatering. {V.uitrtvsy oj Ptissnvant iluTporaiiim.) 
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Figure 9.30 Sliiili>i iIik ki luni* ti m ipp.ii mis Nnit Ki suits .m 
appitd iliK iiilliii iKt (1 li\ sIimI^i (U pill I 1^11 lit 1 ill ptii liiiirif i iii^ 

( niiip It Hull 1 III I III risiiiiiu \ ii u s f i inn iniiiiiti s in lioiii s mil 
IS In si Itiili^i (1 In Mil |ilni nl slinl^i IimIss iiiiii in lUinniiiii Mu 
rinit uijiiiuil 111 kill I 2 lilt III s If luHi > of / ifnio l)i isi } I It ii 

hth ( niffinnlitju } 

tit \M is atliii|; (III lUI uM iiilri ihi walti in a Mdialuiii 11II (I i^int MLM) In 

ihc (JissiiJ\lmI an llnlatHiii pinu ss Mist nsst d i ji Ik i .is a t laiilit .ilioii pi rn i ss lln 

slut i\ l)LJiii’ lliii ki nt (I III a pni I lull ill I Ik i l( \ t I( IIu\> is siipi t s.iliii .ili M u illi an 

iiinU 1 pKssiiTi \\ 111 II till ])iissnii IS iiltascrl an is ])i i iipiiaU il is sin.Ml 

biihhlis III rill' 10 100 niKiuii si/i 1,111^1 I hi .111 liiilihli s .iltai li lu ilii sululs 
nil 11 asiiii; lilt hutn.iiKv ul ilii p.iiiiilrs anil i .iiisnik; llii in lu list iu lln snil.iii 
.111(1 I uni i nil all 

Hjulii^iial siispt iiiic rl siiliils ai( usiialU dilln nil lu siilli iiuniMi uilli llii 
adflitiiin id dissuKiil .111 hulihh s .mri pid \him tlii'sc pai ii( li s lia\ i aii'iiMinix lu 
final 

Flotation Aide 1 lu DM llmktniiii’ piiKrss is ollrii aniiimnud hv ilu' adili- 
nun ul iluMnual .mis ^.hrnnL.ils tli.u hast Ih'Mi \isl'iI miUiiU- inui^anus, snih as 
liiiii ihlundr and hint, anil ul^anl( puKHt'i li fd\tc s ()1 ihi pul\t li 111 idv li's 
used llu* niusi (dieili\e fia\( litK*n eilliei mudeiale niulec iilai wei^hl pfds.nnines 
Ul i(i\ liijfh tnulci iil.il weii>ht IliHiulants In must lases, 1 .iliuiiii flmi nlaiils aii' 
used ] lies ait pailuiilarlv tdleitivi in fiutinlalin^ biulu^jial srdids Inlnidiu 
lion uJ the |Md\r]iei iiilii ihe line at a pnint ufierr bubbles an pi ei ipitatni^ anil 
cuniaitin^ the suJirls niirnialJ\ piudiues the best results 

Methods nl es.iluatmg fhitaliuii aids vai> uiih the type of shins lieiiiff ihiik- 
eneil \ slariilaid i \linrlei sellliii^ lest is ulicii used to detei mine uhuli polvnieis 
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Mt TIM NALCO WHtor Nai^booh 

In summary, DAt ran be an cffeitive method nf thickening materials that 
have a tendency lo float I he use of DAF to contcntrate sludge oflers some 
advantages over gravity thickening Ihis is especially tiue in the rase of lonten- 
tralion of acuvaied biologital sludge, which is troublesome to rnnrentiate by 
gravity Giayit) thickening oi waste activated sludge will seldom yield concen- 
tiated sludge of mure than 2 % solids Dissolved an floLation of the same sludge 
will noimally vield greater than 4% solids in the float Duiing the concentiatioii 
operation, since air is used, the sludge will i ernaiii fiesh and not berome sepiii as 
It can if left in a gravity thiikenei 

CENTRIFUGATION 

Solids Loncentratiiin oi thukeiiing laii also be aicomplished b> centiitugaiiiin 
The thiee widelv used t>|ies of centrifuges aie basket, solid bowl, and disk- 
nozzle I he basket and solid bowl Leniiifuges are nioie Lominonlv used in de¬ 
watering of sludges 

The disk-iiu//le lenlrifuge (Figure 9 while piiiiianlv a liquiil/lifjind sepa¬ 
ration unit, can be used to thicken sIuitus foi fuithei dewaleniig li is suilabh 
foT thickening a slurry with ver\ fine unilotiii paititle size sinie it iie.ilts gttaui 
centnfugal force than a solid bowl cenliiluge 

Slurrv IS fed into the center nf the inaihinL at the top anil then directc d to an 
area on the outside oi the disks (tiguie M Ihe disks aie stacked in the 

centnfuge so that they are 0 10-0 25" apai r 1 he solids settle as the Ic ed is ho 11 d 
through this naitow space Since this distance is so nan ow, paitides do noi have 
far to travel The settled solids slide down the underside ol the plan s and out of 
the bowl wall where rnmpaclion takes place piioi to discharge through nn//lrs 
in the periphery Ihe reniiale passes uiidei the sludge and is disihaigerl lioin 
the centei of Ihe c cmtiifugc Siiut the disk-iiu//le u nriilugc has sut li dose lolei- 
ances it is subject lo frequent plugging when loaise solids an eni rmnieieil Foi 
this reason loaise solids aie oltcn scicN^ned lioin the fluid ficfoic it ciiicis the 
centrifuge 


Feed 
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Figure 9.33 ScfiLmaUf of several iiicihods iif operating a disk iiniiilugc 
(a) basil Mhemc of operation (h) with recycle ol solids 
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Figure 9.34 ( slin\Mii^ l\ pii.il ill Mils 111 a luskn uiiiiilu^i iisiil Ini rhviauiiiig 

111 ililliiiill sliiilgt s mil sliiflgis ili.u ail liighK alii.isiM ff mitltsy u/ I hi Ih Iraai Sffmiatin 
( innfvin\ ) 


\ haskit ic III! iliigi iiia\ .ilsn bi um il liii sliiii\ ihii kt iiiiig In a bask( I lL‘ iilrif ugt 
(liguit U H) cUuaiLiiiig IS a baiili piiiii ss I In slum liiIlis ihiiiugh a IllcI Ijiil 
liniii llii lup Ui a priinl iilmi llu bnflnin nf ihi* iDialing rliuin II ihi rlinm lias 
snliil (iiiipt I Idi alt) walls, lilt t iniiiale is i nllei iril 1 )\ a skimnui di b\ siniph n\trr- 
llnwing a wtii at tht iiip dI the IjdwI 1 he peiloiate bnwl lenliihige has a ill inn 
wriih hnles similai Id that d 1 an aiilomalu wasliing iiiaihine This ivpe dI lentii- 
liige uses a film iiuiliiiiii plaieil nii ihe insult ul tht ill inn, and waki, uiidei 
ienliilugal hint, passi s ihiimgli ihe takt and the mediuiii id the Diiisirle nf the 
dm 111 f 11)111 whith n dijins 4 itei the marlinie is loaded, speed is iiuieaseil lu 
etleil st'jiaraiiDii Aim llu leiiiiaie is leniovcd, the leiiliiliige is slowed down 
ioi unloading A knife or “plow' is then moved iiilo the howl to rut out the rake 
I his plow IS hvdiaiilitalh operated and is ad|iisLed so as not to cui into the bowl 
wall 

Basket tentiiluges are used wheie solids ieiDvei> and cake di>ness aie most 
important Since peiforate howl Tiiachnies ran easily be equipped with wash 
sprays, the) aie often used wheie takes need to be piirihed and washed as in the 
phannaLeutital industiv 



DEWATERING 

nt*wait^iiii^ IS nniiiitilK ihv final strp in a siiliHs/liL|ijirfs scpaialKin 1 he is in 
pinrhue a rake of siith rlensiiv and strength as in primil haulinir lo a final dis> 
posal siti' as a solid wastr It usiialh lollims ilaiification anil ihiLkeiiiii;; opeia- 
tions In waste ticalment, the dewaieiiiig melhod is iifirii dulaleri h\ the natiiiu 
nl the solids beiii^r dewateied and the final iiuMhod of siiliiis disposal If sludge is 
being iiiLiiieiaied. as in the lase of a law oi biolngKal sewage sludge, ii is neies- 
sar\ tiiextiacl as iniiih watei as possible to niininii/e ihe iei]iiii<‘iiieiil fin aiivil- 
iai\ liiel foi iiKiiiei anon If solids ait Ijeiiig used in a laiiil iei laiiiation })iogiaiii 
ni as landfill, it inav not hi lucessais to diwaiet to such .in eMeiit 

CBntrffugatfon 

la'iitiiliigalion has long been used foi dcwalciing as will as loi ihiikLiiing, ilis 
(iisM'il eailui SLleition of tlu ])io|>ei itiniilugi is inipoti.iiil siiiit di sign ili.ti- 
aclLMislKs lan be tailoied to meet specifii appluaiion neeils Iheii aii sixial 
inheient .Jif\aniages in lenli ifiigaiion tfial make il altiailiM' foi main dew.iiei 
mg a|)pliiations \niong llii impoiiani ad\ant.igts ate [oiiipail di sign high 
llnniiglipiit. and iil.ni\L smiplii in of optialioii \uxiliai\ i(|LiipniL nl is mi\ 
simple 

Solid Bowl Centrifuge 

I hen pc of (eniriiugt noimalh iisi rt in diwaiiimg applii .iliniis .is opposi d lo 
lliii kt iiing IS ilu solirl howl unit flu si an uidtlx iisi d in iiiinni ipal siw.igi 
plants papei mills sIliI mills levidi mills aiiil t eliiii i ii s 1 In \ aii .ilso iisi il 
evlensneU in niining opii.iiions, siidi as |)intessmg (oal anrl iilusi In moii 
moth 1 all, <lmiai(‘s, flies can In instalkd and opii.iud oiiidoois 

Principles of Operation Iheie .in thiee solid howl designs loniial (\linrlii 
cal. and coimal-isImdiii.il Ilu lonual finwl aihieves maximnm solids diMiiss 
hut ai ihi. expense id leiiliale claim h\ einplosmg a laigc heaili aua o\ii .i 
small ceiiliaie pool \oUiine In lompaiison, ilie cvlindiical howl li.is ,i dei|) i imi 
lute pool ihioughoiJi its emiit leiigtii anil ptosnles goorl leniialt claim Inil 
leldineU wcM cake 

1 liL lonical-c \liiidiiLal design (ligiiie *) is ihe most loinmonU use il solid 
ImiwI 1 eniiituge It is fkxihlc m iis afidil> lo shill the halam e nl i .ike ilivni ss .mii 
lentiate c|ualit\ ovei a bioad i.iiige h\ cfninging pool ikpih depending upon the 
ilesirecl pei loimaiiie Liileii.i I h< conical islmtliiLal solid l)owl ceniiduge ion 
sisLs of a lolalmg unii loinpiising a bowl and a innvesoi )oining tin niigh a spei lal 
ssstem of geais which causes the liowri and [oinevoi lo lolale m ilu same dnet- 
lion. hill at slightk clilleitiil speeifs Most solid Iniwl c eiiiiiliiges opculL at 
1 1)1111 Ihe lomcMii noimalh opciaies at "lO-I'lO ij>m lowei Ilu 

LOiiual seLlion at one end of ihc howl Inrms a dewaleniig bc'ach uvei which the 
coiivesoi pushes the sludge in oullel polls Ihe ilaiifieci supiiiialanl lii|iiid is 
allowed lo escape ovei wens oi is reiiinsecl In a skiminei If lenlrate and sfudge 
take teave the same end of ihe howl, tlie cenliilugeis called a ioneuiic*iii i\|u , if 
ihe\ Ic^ave the iiiatliine at op|Kisiie c'licfs. the leiiliihige is a loiintei lui i eiii i\pe 

Ihe slurrv In he dewaleied enteis the loiaiing howl ihioiigh a feed pipe ex¬ 
tending into the hollow shah of the roiaiing siiew lonvesoi and is distnhuled 
tilloiigh poi Is into a [jciol within the lotatiiig howl (I'lguie II .Sh) 1 he slim\ pool 
forms a coiuenliic ling of lii|uid on the innet wall nl the howl Ihe solids aie 
settled h\ leiilnlcigal fences to the pc'iipheial siiilaLe ol ihe loialmg bowl Ihe 
deplh of ihe luiwl anrl its volume tan lie vaned In ddjiisliiienl ol the ovei flow 
wen plates oi a skiinmei Ihe oveiflowiiig lii|uid is remcned by pumping oi b\ 
giaviiv Ihe helical roiaiing loiiveyoi pushes the solids lo ihe loiiiial seitioii 
wheie the solids arc foiced out of the waiei and liee walei diams Irom the solids 
hack iiilo the pcMil 
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Figure 9.35 ( ui lu i\ miw nl i hdii/iiiii il sdlnl In>\\I i iniiiminus shimmy 

jl ill ki^ii li HUMS f( nf lint! WtuintH ( omfHim fat ) 


Sliiii\ lt(il [Miiiips sliruilil ht 111 (In iiiiiipulsiiuii^ l>|>t V |lro^li ssiiii' [a\il> 
|Hiiiip IS i( 1 iiiiiiiu ii(l( il siiiu 11 .lUiircls piisilivi ilisplac Liiuiit williout 

sui|iiiiii Sliitl^t liid and iliLiniial It^ed pumps shnulil be iiUlm lutki'd lo siup 
.iiiliniiatiL all\ il llu r i nil li ni take i iinvi \ in^ iipe lalinii is initM ruplid \ 

wash waui s\suin is IlnInlall^ niLludid in piuvidi .i imans nl Mushinir ihc. nia 

I liiiu v\liLn II IS In Ik shut diiwn 1 his piixtiils ihi aciuinul.ilinn nl snhds ihat 
nia\ (iiiisL Mln.ilinns huaiist nl imhalami In iriiiLial thnst sludges iliai sepa- 
lali nniM u.idiK .mil i mu t nlitili In ihc 1 * 11 an si ihii kiu ss b\ plain st'dmuiita 
linn tail he dew.iliiLrl miisl Llhiitnlh bv (inliilu^t 

Theory 

llu snlifl bnwl iL mill mil 1.111 hi iniiipaitil wilh .1 hnn/niitil ilanliii as illiis- 

II .Mill ill li^uii 17 Knih |)iiiiisses an .ijjplit .iliniis nl SinkLS law 

while f SL llliii<; \ rliit il> 

]iaiiiil( ladiiis 

S, ~ spit llu ^laviu 1)1 pailitli 
Si ~ spLHilu gia\il\ nl liqiiill 

- ai ii Ictalinii iliiL in ^ia\ilv 

- visinsil\ 

1 hi' impniiaiil diHruMiti' hrlwc^rn llu* pinii ssrs nl siulinit^iilalinn and Lcniii- 
lii^alinn is llial (eiiliilu||iaiinii inileast's ihe* ^ l.utni limn I 0 in 200n-H0()() 
Anriihii dilleiente is ihis bi^h avilalinnal iniii nl iht' 1 pnli iliifri' iriliicrs ihc 
11 f|uiiid drlinhnn sn lhal ihi parliiles lia\c niib in stlllt a \t'i> shnit distante— 
mihcs instead ni li'ei 

Design YsrieblBS I heie aie seseidl design \ariables lo be innsideied when 
Lhnnsln^ a CL'iiltilu^i loi a spetilic dewaleiiii^ appliialinn, the ninsl iinpiirtanl 
btiiif; bowl tlesi^n, rnialiniial sfieed, and Lon\e\ni (stinll) speed 

Bowl Design As the bnwl length iiureascs, Teleniinn time iiureascs, lesulling 
in diiei take anil tleaier leiurates However, powei requiiements also intiease, 
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sjiice they lire pn>|)nriinnal (n the volume contiiined iii the Lenlnliif^e As with 
br)wl length, inn easing the rliametei of a icninfuge lesults in diiei takes and 
cleaiei hlliaie at the same feed late Besides icrjuiiing liigher fMiuei input, a 
laigci dianieiei inaLhiiie ie(|Uiies nime nitiial halaiuing, since the lentei ot 
giavity moves taithei liiun the iciitei 

SpBBCl As might he expeitiMl, higlici bowl speeds piorhue duet lakes and 
fleaiei lentiaies, hiii also iniie.ise the weai on the itiai hiiie When t enti ifiiging 
abiasist nialiiials. low speed lenliituges aie piefeiii d \s the loiisevoi speed 
diilei ential iiKii.ises. niailnne tliioughpui laii inn ease, hiii ,il the expense of a 
wettei take and diiiiei lenliaie While bowl speed and suoll speed difleiential 
aie tieated as a design vaiiahle, it is jxissibk by (hanging fxilless and geat boxes 
to alti I llum mi existing iiiailinns, so ilnv ait also an opeialing vaiiahh On 
some newel mar limes ihi stroll speed diili-iential (an he \aii(‘d while the leiitii- 
IngL IS iipetaling 

Operational Varlablaa In optnalmg a (eiilidugL ini shiiiv dewatering, ihe 
follow mg \aiiahles musl he halained to ohiam ihe desired ii soils 

1 /inu I tu slndgi feed lait is oin of tin inoic impoiiaiil xanahles 
I 111 lau ol sludge kerl alh^iis both ilaiiiv and taki dt\mss As sludge flow 
iiiiiiasfs, mailime ihtoiighpiii iiiiuasis, hut at iJie expense oJ (eiiiiale daiitv 
aiirl laki diMiess (I iguu hIxtitmeh high flows laiise maihine flooding 
\fi\ low How iai(s pjoduu ixliennlv dis takes lausing mneased weai of the 
[oii\(\ot S( I oil Sliidgi should he piiiiipt d to tin mat him .11 ihe highest tale that 
will mil laiisf Mr i<iino\ei of ixiessivi fines in ihi lentiati 

2 ( hnmraf fontlitianinf’ Polveleili oh Us liavL been used wiih siiiiess to 
iiiniasL Mr leiosin Lflniiinv of (Liilnftiges I hev iiiav also inniMse ihiough- 
pni and wirh n flu s|jiiii iiiii of sludge ihaiai tensln s thai lan he pioiessi rl I he 
iiiosi adisL pohiiitis aie of high moliMidai wLight, eiMui «iiiionu. nomoiiu, 01 
lalioiiR (U |u iiiling on Mu sludgi Itciiig dewaleieM flu ilegiei of solids letos- 
(i\ till (I lake dr > ness tan he legiilated ovei a wide lange depending on the 
anioimi of (hemual iiseil (liguie H Ihe use ol lloLLulalioii aids sometimes 

ion r 
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piixluirs wrltri sludge 1x^1 clUM* id the iiutriist-d idpluii id lints Mil \iiii«d)lLs 
ihdi afitril the cfluieno id chemical londiUoning aie ilosa^t^ diliiiiDii ami 
chemical iiijeiticiii poinr ( >linrlci scMllnif; irsis should ht iiiii lii st led llit pinpii 
|xdviiiei and its appioxiinaU dosage- txail dosages can onl\ he di tCMinnu rl in 
the lenuiluge 11 a ceiituluge has been designed with inoii than oni pohmti 
application point, all piiiils should he c-valuatc'd 1 he purpose id an inlet nal It ed 
point is to add fjohnu'i lo the pool allei iht lit aw, i*asilv sellleahle solids hast 
iieen lemoved However, it is someiimes arUantageous to adri polMin i to llu 
total sludge slieain, theicb) using the heaviei solids lo help in hndging and 
flrxciilatiiig the fiiiei ones Siiiie in either case ionditioning lime is relaiiveh 
^hoit. It is iinpoifaiit to diliiic pnhrner to a level lhal will piovidt good rlisiiihii 
non inlo the sludge without overloading ihi machine with dilutioii walti 

S Pot)l tlffflh Fool ifcplh dt leriiiiiits pool volume and alltils both lLiiiIii.i 
non and take divness lowering the pool exposes moit diainabli ibtk .iiea, 
inn eases the dew ate i mg time, and produces a diici cake, (oiivciselv, me leasing 
poed depth iiicieases Llaiihcalion hv iiuiiasing deUnlion timi llowcvci just .is 
111 st-clirnentalion, loo ileefj a pool pic vc nts a panic Ic li uni i eaihing tin sediment 
/one 111 time to avoid being dischaigc'd with tire effliieni Iheoiv iniliiaies lhal 
ihe ihmnesl |Missihl(' lavei m the bowl oi m a si‘dimentalion basin gives ma\i 
mum claiilicatioii In pracLice, this is not true beiause id pi actual mellii leni les 
riiin lave IS iniMii Ingli liiieai lif|iiid vtlocities and llie iesuspension cd iioiisci 
ilmghne inalerials Also, at miiimium poid depths tlu^ moving coiivevoi teiirls to 
ieclispK.nse solids as docs luibuleiice in ihe Ic-ed /one Caiiiset|uenilv, it is not- 
mall> lound ihai a iiieduiiii pool cli'plh gives optimum peifoitnartie Im teasing 
ihe |Nifil rleplli lM->ond the optimum deplli does not loiiliihiile lo clarilv as the 
lelention lime and the distance the pailiile must settle aie Imth duettiv propoi- 
lional to the pcMil depth 1 he shallower the pool in die cenliiluge, the loiigei the 
cliamagL time loi solids on the Ik-McIi out rd the fKiol and generallv the rliiei the 
settled scdicls (l^iguie 9 40 ) tine par Lit les, however, compact loa limiting ilryness 
at the bowl wall iindei tlie pool and capillarv lories may picveiil appieciable 
drainage id lu]uid from the inleisUcc*s id the sludge on the IkmcIi In this case, a 



shallow pool IS no arUantaf^e, and in lart a drcp [mioI iifirii iinpinves conveying 
and lenioval ol this type nl sludge solids 

All Loiidiliniis of ii|K‘ialiiig saiiahles should be* evaluated to fine tune opeial- 
iiig paianicleis lot a given Leiitiiluge ajtpliLaiion (Wadual changes should Im* 
made, allowing 10 lo 1'j minutes between changes 

System Evaluellon lo deleimini. whelhei a piogiani is siitiessliil, some pi*i- 
loimante iiiteiia must hc' established llie desired lesults, whethei it be dt> 
cake Ol cleat lenitaie, will deteimiiie the weighting oi the following iiileiia 
lietiiVfrs (amtiiiuge dew atei mg peiloimance is noimally staled in leims of 
teco\ii\, ixpit'ssed as the pen eiilage of suspended solids in the sludge feed that 
mils up in llie disc liai gecl sludge cake Kecoveiv is compuli d using the following 
ei|Liiilion 

lliiiiL-iu\ - ——y 100 
^■'1 

when i , — feed solids loiuenlialion in mg/I 

f II itiiliale solids i oiii Liitf atiiiii out, mg/l 

Noic ihal tins Ini inula is not loincltil loi dissnhcil solids, wbiih must lie 
lake ti iiilo .uiouni whin ientiiluging a fhtrniial process lic|iioi, sulIi as a 1091 
hiiiu When' llic waiti slum loiUains less than 'lOO mg/l and ihe feed solids 
i\(icd lilt .ihciM lofiiiiila is adec|iiale loi most plant call illations 

\nl(l 1 hi ainouiii ol laki thioiighpiit ivpiessed in chi pounds of solids |X'i 
lioiii IS llu leiitiifugt Mild I Ins is not an etluuiuv lailoi siiue the maihinr 
could iniiiLiiahh have a liigli vield, bill a porn centialL Nielil is deteimined bv 
iiiiilliplMiig llu pounds ol wet cake pet hoin bv iliepeiiint solids (on a di\ basis) 
in llu w( I i.ikt I OI example, 2100 |iniinds ol wet lakc pei houi at "MV/r solids is 
f ipial lo 700 pounds solids per houi. rliv basis 
( /nfratf Oi/r////\ ( Liitiali i|U.ilil\ iifeis to the aininiiil of suspended solids 

111 llu iL nil ate and is rlneillv lelalcil to uioveiv Ivpuallv. solids loinul in the 
lenliatt an LXliemelv lint Siiue iht leiiiiati is noiinallv settled and iei)ilcil 
lliioiigli llu svsUni, iLiumiig with a pool leiiliaie will evLiiliiallv biiilil fines in 
llu svsit ill .nicl lowei llu lecovLiv late fFelling \[){)Vr retoveiy, on flu olhei 
lianil. IS lineriinoiiiif.il and is not neiessaiv lo meet tcmI plain inn'ils 



Pool depth 


Figure 9.40 llu lHimi uI I'Niiil cicpih III! lentnliige 
perl OI 111.11111 Ihe decpcM piMil liiiiits the aiea avaikihle 
hii i.ike dew all ling, bill iiii leases deleniion 




■ Blade 


Figure 9.41 i Ipi i <lllll^ SI 
r|urii(L‘ fil irit<]i\-rliiim x.iiiiiiiii 
fllUM 


(jakt Si)/ifl\ 1 111* rlusiiL'rl dc^iui ol i.ikr ilmii'ss will rirpriiH dii fiii.il ilispiisi 
tion rii the solids II siilitls aie iii lie iiiiinrrdLeiL low inoisfiiit is desiiril \s diiei 
solids entail highei dewatetin^ tiisis, hl^llel si mil we.ii, and lowei \irld, laki 
solids should mil lie hi^hi i lhaii lealisliialU iieerird loi linal disfiiiSfil 

Vacuum Flllratlon 

RnLiis xaLiiiiiii hlleis hdw heeii used loi iiitiiiv xeais h\ iiidiisiix .iiid iiiiiiiiiipal 
Hies to ilrwaliM waste sliidfri^s flies an also usi d in mans pioiiss appluaiions 
siuli as the pid|iin^ u))eialiiins in papei nulls 1 hi iiiiiuiil; iiidusin also lists 
\aLUum Idteis eMunsixels in mal ieio\ei\ and in me piutessin^ Solids i miU'iil 
of the fillei take max xaix miisideiahlx dtptiidiiiL; on the slum Iiimii^ de 
watcied Inni^anu shiities max dewalei lo 7()'r solids xxheieas a hioloiriial 
sludge max niilx ilexvaiti lo a 12(1'i snliils lexel 

Principles of Operation \ loiatx xaiuum hint ifiiisisis id a piilmitud ixliii 
diual rlium i ol.itiiit) iii a xat lonlaiJiing the suspt iisinii lo In ilewali 11 rl V aiiiiim 
is applied (o the inteiioi and solids/liijiiids srpaiaiirm is atiomplished h\ chaw 
in^ ihe lu[iiid tliiou^h a hlu i merliuiii, liaxmif solids on ilit inerliiiin Im si pti 
lale colleclioii As llic rlium totalis, ihis medium ))ii)xiiles a lonlmiious hitii 
^oin^ lhioii|;h llu lollowiiij^ sii|uiiui (fi);uii Mil) 

1 ( ttkf /tnntfihun I)ui iii^ ihis sU p. the ill inn is siihini i il in .1 x.il < mil am 
mji^ slum and xaiuum is applu il 1 he hi si solids ih.il tolUci on ilie iiuriiuin act 
as a hitri Im suhset]ueni take loiiiiaiiuii Foi ihis le.ison, it is desiiahle ih.ii ihe 
fake 1 h' loimetl j^iadiialJx 

2 I fx/tfifttnn rn fh\tu^ \ xaiiiuin is also appherl rluimu; tlu lu|iud e\ 
ti.unon Ol (lixiii^ slip W.iiei is diaxsii out ol tin filtii tiikt ihiou)fh tin lillii 
media to the msidi* id llie ilium and limn llieie into a fillialt n iiixii 

l\ Ftltn takt }ftrnfi>al Kiiiioxal ril ihe lillci i.iki Itmii tin ilium laii Iil at- 
toinplisheil hx one of sixeial melhofis ilisiusseil lalei 

1 Mftito unJttnif Mils linal slip m tlu exile ol xaiuum filti i opeiatioii laii 
Ih^ ailumplisherl on a foiilmuous rii inlei miltent basis Iiixii piessiiie wain 
spiass ate not mallx used 1 hese spiaxs dislodge lhi pailii les that fouldhuild up 
and i lo^ the merhiim It often her omes nee essai \ tei ac id wash the fillei media on 
a loiiliiie basis Ihis is paiticulailx lute when leirii thloiide anil lime ate used 
as iniulitioimi^ ihemitals 

Typea of Vacuum Fillera I heie are seveial vatiiiiiuiis ol irilaix xatiiiuii films 
I he diiim fillei (Im^uii 1) 12) uses a ‘'doe loi hlaeli*" Lo se lape off the i.ike Im dis- 
iharge. It is somelimes supplemented by a piessiiie blowbaek m the disehaige 
/one All piessuie Irom the inside ol the dium just ahead ol the elcHioi blade 
liMisens the rake lot siihseipient remoxal bv the dot lor Idaile I he hllei medium 
nevet leaxes the dium siiifate on tins type hliei The fillet meiliiim ma> he 
eitlier a stainless steel mesh or a synlhetu oi natural hbei lahiii J he iiioie 
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inminoii niatc'UdU iitr ii^lon, polypropvlenc* diiil fMilycthylcnc I best nirclid 
Lome 111 d wide laii^e ol poi 4 >silif*s to meet spcLific appliLdlioii needs A filter 
medium should be selected with imrusiiy small enoufrh to ohlriin an dLieptablL 
fihidte bill IdTgL eiiiiii^h In avoid plugging ( oiisideralioii also should be jiiven 
to ilie I omp.ilibililv ol llu medium wilh the sliiiry bein;; filteied 

A sLioiid l\pc of vacuum lillet is ilie belt filtii (li^iiit 9 1^) m whiih the 
likei iTiLtlium IS a i oiiiinuous belt that leaves the diuin siii faic and tiavels ovei a 
shoil ladiiis flischaT^f toll This sli.iip ili.ingi m curvatiiti noimallv causes die 
shirl^c lakc to tall liom ihc iiu ili.i hi sonic cases ii is also netessaiv lo use a 
iloilni blade Ioiiisliil maximiiin pioduilioii Ihc advaiila|)L iiJ ihis hhei ovei a 
(liiim hlui IS thal ihi iiii dia an washid on both sides 

llu (Oil type liltci (ti|iuic 4 4 ) tniploys tv\n lave is ol slamkss steel coil 

spunks .irraii^ed m a coiduiov fashion aiouiicl llu di um I hesc layeied spiiiij^s 
act as ihe lillei niediuni On compleiiori ol llu dc^warcinig i vile the two layeis of 
spi iiij^rs Icav L the diiim and an si paialt rlh om laili othci m such a maiititi thal 
llu hilt 1 1 d shirlf<t take ishflcd off llu lowci Ian i ol i oil spimgs and disihaiged 
lioiii ihc iippi I lavLi uitli ihc aid of a posiiiom rl tiiu bai Ihe Li\o laveis of 
spnngs an ihcn uaslud scpaiaulv bv spiavs .iiirl ntiiincd to tlu iliuiii b\ 
gioovLil aligning tolls Hic.uisl of Us jiositivc lilui cake n h asc svsliin llu cod 
hill 1 IS ollLii SI III till loi dc wall ling ol shidgi s wiih ])oni ickasc tinrlciuies 
\ loiiiih Ivpi ol x.iiimm lillti llu lonliiiiious disi lillii (ligijic M li) open 
lie son tin s.iiTU gi lit tal |ii me iph as oilu r \ ac iiiiiii filli i s c \c t pi that llu filtci 

mg sill fat c n on both suit s oJ st \ i lal disis iiioiiiiiL d pi i |unihi idai to a lotating 

hoii/oiiial u me I shah lilliati is i ollc r ic d fi om cat h disc and caki isninovccl 
h\ s( 1 api 1 s 

Auxiliary Equipment Ihin ni a iiiimbLi ol auxiliatv ili vices iLipiiitd loi 
opiialion ol lol.iiv hints 1 he sc inchidi vaiiiiiin pump \aiuiim icccivei lil 
11 .Ill puiii|i sludgi pum|) ami llu niiial tomiitionnig Lcpiipnu 111 

\oim.db lath Idlii has its own vaiiiuiii puiii|i \aiuiim pumps in iv be 



Figure 9.42 \ssL nihh ol a i\ pu 
Dtnt Ini J 




Rgure 9.43 Dtsi^n liiiiims and npi raiiii|4 s(f|iiLiiiL nl 
lirll'lvpt \lIliiuiii lilui {( uu}li\^ of 
fi Hfxnnid ( ompain ) 


rilhn irripiruating prisili\L‘ tliNpJaienirni i\pt\ iuiiliin inl.nv pnsiiiM 
hpcs KccipiDLdtiiig pumps die the mnsi el]uiL‘iil lui hi^h \duiuiit nl 
ol iiiL'icui> Mie iri|iiiie(1 idpiiiilv lr»i a vaiiiiiiii [>iinip is ilun miiierl m pait h\ 
the fMiinsitv nf the lihet medium II tlie lillei inefliiini is [luiii^id in oiu innii 
ptJinus, this mav lesull iii the Siiiiium pump heint* uiideisi/ed In nperalmn tins 
Lundiliun mas he evicleiiied b\ an iiiahilil\ nl the \aLiium sxsuiii in puMJii 
bacLIhmm^r ul liltiale as the rhum liitiis mil nl ihe sludtre m llu \al Oi i run si. 
pnni |)eilntmaiiie nl the \aruiim sssiem can also lesiilt finm nnimal wiai ni 
piMiT mainlerianre 

haili vaiuiiin liliei riiiisi hr sup|)lirfl v\ilh a \aiinim leriivei IhIwim n ihe lillri 



Figure 9.44 lanss si'ilinn iil a rnil filU'i (i^ourtrsy of Ktnnlini SarifhtstiH I tiginffjitifr 
(^infHnaltori ) 



Bolkta/UquMa Sm^n^on 



Figure 9.45 Disk I\|k \ Iiunni lilu i usiil Im stiliils \sliiili liuiii i ihr iki (( tmih ^ nj 
Ihn Oimt lut input at ftl ) 


\«ilvi .iiiri ihi \aiuuiii |iuiTip 1 lit iiunii tins as a SL|iaiati>i i)i an aiuMillraU 
.IS w( II as a list IV Dll liii ihi (illiaU |)iiin|i siiitinn 

Sliirl^t It 111 puni|js tail In ol llu pishni rliaphi.iL;in m pi nt’ic ssiiii> lavilv 
l>pi llitv shoulil lit inst.illi fl SI 1 that llu II iip.]iitv is i iinst.nil al i f^iv mi st Uiiil; 
.mil slidiiUl In inn iliu kicl in .i U \i 1 sc iisnii' dc \ii r In snip al .i pn dih i nnntrl 
hi^h lir|iiid level in llu lilli i val anil In iiitnnialii alU usiait v\hin ilie lilUi lias 
L.im^hi up \ sipaiaiL )iiiiiip sliciiild In |>invidMi Ini laeli Idle i i nniliiiniiinir 
lank inifihmaMoii Pumps sliiiuld li ive siiiikt eiuiiile i s in siinu iilhi i fleiw tiilal 
i/iii^ de viie 

( Ik lineal i niiiiilitiiiirur Li]Ui]jmi in iiuluili s e hi niii il siniagL Links sliiil^t e tin 
(liliiiiiiii|[; lank and the inn al pitpaiaiinn and leerl sv steins SIiuIl;! i iinrliiiiinniir 
[ riiiltiiiiLis in IV In Iniii/niilal tanks veitnal Links m Inn i/iiiilal inlatin^ tliiims 
I he sliitlL>e sliiiuUI Him liv i*ta\irv fi inn llu i iiii(li1iriinn^ Link tn llie Idle i val tn 
iiiinimi/i llfM ilaniii^e In pioMile iiptimiini slllIl^e mixini’ and Hue iulatinn 
iiinli I vai\in^ enndilinns sludge enndiliniiing tanks sliriulcl Ik pinvidL'd uilh 
vaii.ihlt sjHcd mixi 1 [lines iLinnvahle wens aiiel nudliple pninis id ihimiial 
ap[)liialiini Rates id inlatinn id mixiis irtiieiallv shniild he ail|Lislalile bttween 
10 and hO ipiii, elLpLiirliiif; tin llu [lLsic>n id the siiiitis 

Operating Variables Iheie an sevLial vaiiahlts in lu balaiutil iiinpei«ite a 
vaeiiiun Idie'i tdlHienillv Since cMih sltirl^i btiii^ liltcn lcI has ils iivmi dLwaii iin^ 
ehaiae II iisties, the vaiiahics must he tiiiuii tn f^ve iht cksiicd ic'sulis ( han^rs 
shnulel he mailt in small me i e me ills and tlu system giviii al kast ' i hnur in iLait 
anil Tiaeh a new Li|mlihiiuni 11 tlu Idle i v.u is lilkd with impinpLilv einidi 
nulled sludge, il is best to di.iiii the pan and suit civei 

Pnlyedeetinl\lis, leiiii ehlinide and limt an tnmli- 
linning ilic'iniLals used In inagulate and Hnieulate snlids in stispensinn 1 he 
laigei Hot paililies lillei mme easilv and have k*ss lindcncv tn blind ibe liltcis 
With thi use id nnn and lime, ikpusits iiiav aieiimiilale nn ihe liltei medium and 
neLessildle iicriiKlu and cleaning In pinpeilv cnagulale and flntiulate a sludge 
fill vacuum filtiatiem, lonliidled mixing is rei|uireel C einditiunmg tanks nni- 
nially arc si/eel lo pinvide lelenlinn lime id 30-b0 seconds With Iimi little mix- 
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mg, pohmei viill nol Ik' ptopci]\ disppiseti, iiki iiiiiLh mixing bicdks the Hdi 
nu‘ pioper amnunt ni mixing fni a paitiruJai sludge must lie delermmed 
empniidllv 

I'at af^itntion Ihe iimdilioned sludge must lie agitaled in (he hltei pan to 
eliminate settling Oigaiiir sludges \sitliiiui hraw siilids iisiialK rei|uiie nnl> 
mtcimitieiii agilaiinn 

I n/ /m/ ( imdilioned sludge in the lillei pan slmiild be set al a level uhuli, 

when Loupled with diuni ivile lime, gives the desiied lake ihiikni'ss llighei 
\.il levels give tliitker and snmcwhat wetlet ttikes lhan low levels il nthei \aitables 
aie kepi innstant 

(^f/^ f/Mn Ihe diiini speed shiiiilil Ixr adjusted In give the desneil lake 
ihiikness and mmsiuie iniittnt hoi most appluations, a highei speed lesiilliiig 
in a ihimiei, drier lake (* i to '2 inch) is ht^uei than a low speed pioduimg ihiik 
(1 inch) takes 

fftfuum \01 mails vacuum hlteis ait iiiii with as iniiih vaciiuin as can Ih' 
atiained Since usuallv oiilv iJiie vacuum piiiii]) is used pel liltei, 11 is necessaiv In 
balance vaLiium lK‘l\\een the take ioimiiigand diving sttLions lliglui jHikiip 
vatiium will prodiii e wcttei cakes and giiMlet sludge dew ale ring lalis 

/////r A vaiielv of fillei media is availahk, jjioviclmg a SLltilinii nl 

si/e and weave Ihe toaisi‘i media noimallv give diiei i.ikes, biii al iht cost of 
fines esiajMiig into the filirate hiltei leaf it sis tan bt used lo ilelcimiiu llu 
pici|K'i medium lor .1 pailiiulai applitaiinn (liguii M Ui) 

S^rr/gi lliukei sludges will (illii and iihasi lioiii iht mi chum mini 

easilv than thin sludges I ilk is such as sawdust diatoinac t oiis i.iilh anil fiv 
ash aie soiiu‘timts adried to ihiikin thin sludges Uhcit sludgts <111 1111 mi i 
ated. teivcled ash fed in the ihiikeiiet alu\id of the filtei mav inircasi solids and 
impiovi |jeiloimarite 

Slitdi^i fmidtlt \i^t Hv achieving high iLioveiv (capiuie) piiloimanii llu 
level oi leivcled fines diiuniulaliiig m the plant tan bi miiiiini/td 11 iht livil of 
hues in the |jlaiii bi'i nines loo high fillei bliiiclmg c .111 cm c 111 hines c .111 also ujisi 1 
olhei jdaiil pioiesses, such as l lanficalion and BOD removal, bv overloading 
then solids sepalalioii capacitv 

SyslBifi Evaluation In dele-1 mine whelhei a j>iogiam is suiicssliil some* jmi- 



Figure 9.46 {n) XpiMiiiius uipiiuil Im miiipliiL ixaliiiiiini dI v.iiiiiiin lilii.iiinii lui 

sliiilu;i ill wall 1 111^ (^) ( 111 mil ill IS ailili ri In llii sliuli;i wiili i ii l lulls iniili nlli il sin iiif> in 
lliNiiilali llii sluilKi |iai lulls |r) I hi iisilihii pail is siihiiu i i>i rl in ilii flni i iilaii li liiil^i 
Ini a nil asm I fl nun iiiiilii i i null nlli il \ ii iiiiiii ssilli lilliali lit iii^ i iilli i li rl (r/) Ih lillii 
p III IS II inn\irl hiiiii llii p in uiili a iiiniinii siiniil.iliiif; llii williih.lu.il [il ihi (liiiiii snil iii 
linm ilii \ 11 Ir) I In \ ii ninn is slim nil alii i i mi .isiiii tl iiiiii iliii m^ i\hi< li ilii lilh ih 
iniiiiiniLS 111 llnw inin ihi inlkiiiii^ flask 

liitinajiii hi III liiiiai ks iniisl be L'slah]ishL*il DrsiiiMl lesulls, siitli as a rli\ liike, a 
iliai lilliaic, HI high piniluilmii can Ik ihIcininifil b\ the tiillnwing iiiU-iia 
I ftlhf ^Klfl Iht iiinsi iiMiiiniMi iiirasin i* ol hllfi pn fiiniiant r is c\pi l-sslmI 
as pminils dI cli v siihils pci sipiait lnoi ppi hmii Ivpiial hlit*i loadings an* ^ 10 
]K>unds pcT sqiiaiL* Inol pei Iniiii Ini a iniiiiiLipal plant, H-IO pniinds |k*i sqiiaie 
Imil pci hnui tin an inrJusiiial plant Snine indnsinal iiltcis dcualriing inoi- 




game sludges aie lairrl in Lhr 40-300 |iouiids pci M|uarc liiot pri hour ranj^r 
Filtei >iel(l measuies onlv the lale ol pioduttiim in teims ol dry solids equiva¬ 
lent, not fillet efhcienis 

2 tiltn eff\(icnr\ Sinre the xatiinm liltei is a device used tor sepaiatinfr 
take solids Irom a ihinnet slutl^re, the actual elIuienL> nl the pimess is dctei- 
mineii b\ the pciientage ol feed solids leioseied in the lihei take I Ins is lal- 
cuiated h\ the same loimula as used foi the lentnfiige Solids leinoval eHiiicn- 
cies 111 xacuum filters ha\e ianf«erl ftoin uhal N'S'i lot coaise mesh oi loileil 
media to OOOr ssith close v\ca\e, long nap media Since ictscled filtiate solids 
mciease the load on ilie plant liealiiieiii uiiii, iliev should lie kept to a mini mum 
Of halanied u it Inn tost ellcitneness foi meiall plain o}M-ralinns 

3 hltii take quahty l^ltei cake nioisluie loiilenl \aiic‘s with the type ol 
slut I \ handled and hllet lime in dium suhiiieision (>iMid fillei peiloiniante 
does not alwass mean piorliuing the dnesi possible lake ( ake moistiiie should 
lie adjusted to obtain onl\ as dr\ a take as is leijiiiied loi the niiended end use 
Anslhiiig inoie is mefhdenl and uaslelcd ol Idlei tapaiil) 

4 hhfati quality SusjM'iidcd solids conitnl is the most iiiipoilain inditaloi 
of fiUialc Ljiialitv 1 his dejiends on the hllei medium (fun oi loaise), ihi qiialiis 
ol liltei feerl sliiii\ (peiiiiii lines), ami ihi amoiinl ol saciiiim (>c‘neiallv Id 
Hale siis|)eiidetl solids sliocdd be kept as low as possible, espeiiallv when the lil 
Hale is settled and leiuiiud to a thiikiiui in .iiKiUui ol the lilui A high pt i 
tentage ol soliils in the lihiait can it suit in a buildup ol i euic idaling soliils, 
liltei (cling with ihiiktnei and Idtti opcialion ()\ei Hc.iling to .i w.iii i i It ai 
filtrate is not netessats suite a small amoiini ol lines will not geiuialh i.iuse 
siuli ujisets 

\aLinim hlieis lend ihenisehes lo a wide saiieiv ol dewaieiing opeiaiioiis In 
most cases, ihickcmng ol llit shins jnioi to vaiuiini Idtialioii will inilease film 
Meld SLihsiainiallv Ihi Builiiui liiiiiul it si is use lid in cxalualioii and sclttlion 
111 a cheniiial piogiam lo aid vaiiiiim fdtiaiioii 1 he Idtei leal lest tan also he a 
valuable HmiI m piogiaiii seJtctioii as well as in ihe ariu.d incHi.i stdi'clion .mil 
deieimmaiion id Idtei vields m a vatuuiii Idtci insiallaiion 

Plate-and-Frame Filter Pressee 

In arldilioii to ciriinluge anri vaiiioiii fillei rlew.ilc img, sludges can also Im 
dewatciifl h\ jJtLSSLiie liliralioii Out iiuthod ol jnessuie filliatioii is ihc plate 
and fianu jjilss Ihe jiiess i onsisis ol viitiial plates hi'lrl iii a liamcaml piesscMi 
togetfiLi helueen a fixed and a moMiig end (Figure 17) hath plate is lilted 
wiih a merlium, iioimalh woven inotiiildami ni jiolvpioji)h lu Walei passes 
ihiough llu floih and out the pitss Ihe soliils aie rolleited on the siirlaii nl 
the cloth 

Sliiiiv IS led lo die press uiilil tin How i.tle rliops larluallv Mosi presses opei 
ate al jnessuic's id lOO-ii’iO jjsig When Idlialt flow slops, ihe pii'ssiiic^ is le 
lieved anrl the umi opened I suallv, presses ari‘ ec|uipped with an aiilnmalit 
opening geai which separates the plates so lhal di) sluilge cake can hi dis 
1 fiat gecl 

When ihe plates ate sepaiaied the take noimalh falls oul Prt'sst's are (oin- 
moidy insiailed above Moor level so lhai a fioppei can be placed iindei the press 
to colic It div cake Beiausc ol ihr* high piessuies involved plate and Itiime 
presses piridiice much drier cakes than either ceiiHiluges ur vacuum fillers 
However, plate and Iraine piesses are not as widel\ used sinie they o|MMaie on a 
batch basis lather than c iiniiiuioiisK 

(diernicaJ iniirlitioiimg aids are rioimall> used to shorten Idler Lime and pro¬ 
duce liner cakes W'heri ii is available, Mv ash may Ih* used It is not unusual to 
use as iiuK h as a ion ol fly ash lo ilc'waler a ton of sludge Polyelei Irolyies can Ik* 



Figure 9.47 Sulirl i iki 

lirjin him pi Iss npiiit tl lot 
lll^llldI^l it of 

i ttf/Mitei/tnn ) 



iisi fl Id npl.iK pail anti iii tiiaii\ lascs all nl tiu fh ash linit ililiniilc .iiirl 
liiiu ha\t alsri hit ii usliI Id (Diiilitiiiii simile's piitn In plait anil liaiiir pitssts 

Bell Filter Press 

ViiDlliii ispi nl piLssiiii (illi I IS till bt il pitssuit lilui \ t\pii il iiiiil is 
shown III lijiuiL M tK has ihiu clisiiiitl iliwaitiiiik; /nni s 1 lu (liaiiiin|ir /om, 
lilt puss/mu anil rlu sluai /mu Siiut Iilc cliainajurc is t sstniial in ihi D|)tia 
linn nl a In II puss il isiKussais in In si i niiililinii llu sliirlf^t Mnsi IhIi pussts 
ail t(|in|ipiii with 4 I iniiililinnnut lank in which pnUmeis an iiiimcI with ihi 
hifl sliiil^i llu tmuliiinrucl sliitlgi llun llnws in llu iliaiiinn; /nntf' wlit^u 
inilial lliitkt nin^ lakts plan 1 lit sliitl^c llun passis iHiwtiii two sittins wluu 
prissurt IS ap|iliL(l anrl pai lial lit wall iiii^ l.ikis |)lai ( 1 iiialh b> iiuiiasini; llu 
pitssuit nil llu- IkIis shtai is applic il in llu painalh (UwaUittl sliul^t 



j Fillrale 

Figure 9.49 Iwnnl 1 \.iiiil\ I>l ihsii^ns nl htli picssLS Im sliicl^i lUwaUiiiig 
(a) lilt Aiitlf 11 /ni.ii liiiK u IS fitlapii il Ii run ii tit mil list il Ini pulp iltwaltiiii^ 
(( rjurtn-) «/ /nif hiihiU ) 



Figure 9.4B (6) I his ilrsifi;ii isas (Jrvi liiptMj hii vcwaj^L plain sliirlKcs K riMrrrs> n/ /n/i/r/j 

hir ) (O In Lhis phniii innriiiiniit'il siua^i sIuiI^l is shimii liasiii^ iht f;iavii\ 
cliaina^i stutirin ariil inltniiji^ llit* prcssiin scciion of this hdt hllif puss sliiai 

fiirus piniJuLL fun hi I diwairiinK i( nuirni of Ralph H f attft i mnpam ) 








SoMiMiqiiMi fftpiritten M5 

I he belt IS nof rriciJh d iridfiieh r fwise im sh srdirilrss sitrl iabric Since sJnrlirc 
IS applied 10 the top ni ihe iiiLclia, sJud/rc pjikup is nor a piohleiii as with the 
xdiuiim filler llust iiriiis aic pditJiul.iils rlisiiabli ulieii difluulr in dewatei 
sludges die eiKOLiiilered 

Drying Beds 

DiMii^ bc^Js die olten used in deuaui wasit slud^is white land is axailable 
and iliinatif iniidiliniis aii l.ixniabli In ljiI\ f1i si^ns sand was iiseil as the 
liluiin^ inidiuiii 1 ht t)puril saiirl In il has Lih iiiidi i di ains loveied bv 12" nt 
^ladiil giavcl iluii Uippirl wiih (i 0' nl 0 ^ in 1 2 mm s.iiifl, wilh a iindiii imtv 
loeftiuenl less than "id (li^uit d Id) 

I iidtr tin ii^hl i ii i iimsiaiui s rhi di\iii^ btrl piiividts advanla^ts oxli 
miiliaiiKal dt v\ali iiiifr dixiies siidi as low opt idling losis dm fo low eiiii^v 
iLipin i mt Ills lilllt inaiiiU iiani L anti minimal npeiaim alUiilinii I Iilx liaM ihe 
abililx In haiirlk vaiiabli sliid^is and inpifiduit tliiii takislhaii mnsi met ham 
lal devil IS Ihiii an linwiMi Imiilaliniis In tliLii iisi smh as hi^h land ii 
(|mM nil Ills and w I allu I dipiiiclLtiiv Siiiii iliviii^ bi ds .ii i niiidnnis nilm max 
bi a pinbkm if ihi slnd^L is hi^li m ni^aiiic iiiaili i 

lilt illiiliM ill wall iiiiL* nil divini; III ds iln skid^i miisl liavi plivsiial pinp 
ciiiis wliiih <illiiw diama^i nl iniilamid watii wiilnuii blmdm|; ol ilu lilliinni 
iiiidium \\ III 1 (liainafTt slinuld In lapirl ami 11 1 iliv lIv i nmpic ii iLdiiim^lna 
minimum lilt iisiilui dial imisl In ivapni.ilid Ilu sliid^i appliiilLnllu iltviiifr 
In il should In as dm k as pnssibh iniidiiii die 11 (|iiii( d di v iiijf linii (lunmals 
ihilimpiiiM dll iikasi nl hit watci liivi pinv in c lit i livi m spt i dm^ rli am 
i^t Hid si^iiilii iiilh II dm mil; diviiii^ iimi 

Diving hills liivi Inin pn|iiilai Ini diwaliiiiiL^ miiniLipal sivxti^i sludf>Ls 
iiuludiii^ piiiihiiv uinhiiallv m anai lohiialls difiistid anil miMiiiis id pn 
mail w nil hinlnirit il sliidji't s M iiiv /idii I Ivpi s id siuilji;i s ail di w all 11 rl nil di v 
iiii; Inrls milurlini; wilii plain 1 1 iiifiialinn shidL>is snllimiu; slinl^i s and 
mdusti lal sliiil^i s 

Divirii* hul ill si^iis L^iiiii dh lall iiiln ilu Inllnwn 1 ^ l.iU^hiiis impti Minis 
hiitinfii In ris ini]n ivinus hnlirmi with diama^i snips siiidhids .iiid s iml In ds 
willi iimlliplt (i nil 111 Hat ks In piovidi inmplilt iiu iliaiiiial iinlnadm^ 



Figure 9.49 t oii\uiniiiial sand diving Ind uiih tik iiniltidiain svsiini shown luii 
iliiiiM}; iiiiisiimiiiMi 


Figure 9.50 l ninljin.iiinn iiiiuilIl .mil Kami cli\mg IxmI lias lull viiilili ilii\t ilimn iaiii|i 
.111(1 idikilU snips spaitrl Id iiiauli uii i^iililis I iiluailiiif; is lasi and lIIuiliU i\iih iiiim 
inal s.iiid Idssts (Misi^iiiil h\ Ha\U i VViiDdinaii Lnf>iiULis ( i\si.il 1 ak( llliiinis ) 

1 lie simple iiiipci\imis biiMnm beds and ihnse with ilraiiiii^e ships <iu iil«t 
li\el\ Las\ In install and maiiilani, bni iluv leipiiu Iniif’ei di\iii^ nines dm in 
die lediited waUi drainafri ()Ti^inall\. sand beds weie ilesi^iu d with ilav lili as 
die iindeidiaiii s\stcin 1 be ilas tile tended in bieak easilv. Tilling niil die use nl 
iiiedianiial ei]iii]jiiietii bit di\ sludge lemnval In aildiLiiin, sludge lemiual i\ith 
tneihanual In.ideis has i.iuserl lelatneb bi|rb sand losses, ivbiib ran Im an mi 
pill rant cnnsideiatinn if saiirl is si am 

Snine plains base been vei\ siiriessfiil uilb lesilieni plaslii Lindi idiain lile and 
HMialb disiiL^ned biirkeis lu skim nfl ihc di> sliid^t iinm llii sand A k laliviK 
w bed using alleinalmg sand <ind riineni ships dnniiglinul die riiliii bed 
uiu|)led uitli a diive-rlimn lamp acinss ilii full widdi of die ImmI, allows a lintii 
endloadei to make paiallel passts win n it mining du drierl sluilge (1 igiiie d 'll)) 

1 hetiment ships spaieil ai tin haik disiaiues pteveiil dit biiikel liom digging 
inio die sand media Ibis berl apptais hi nib i ihe adsaniage ol liaid siiifaie 
siippm 1 along wiili open sand rliaiii.igi Ihe iis< id pol\mer will signifitaiiiK 
iiuteast du dewaleiiiig s|K'(d and dll lebiii leduic llu aira 11 i|iiiit d 

Wliett Siiml beds are alriadv in plate, |NiKmei atlilitiiin will allow mrne iiini- 
plc dising and i crime tin \olunir ol rliierl sliiilgr lo be haulcrl awav Siiilace 
loading rales can idteti Im* two oi mote limes as great as on ImmIs mil using poly 
mei dewateimg (Ijemiials 

Sludge ajiplii atiiin will laigth dcptiid on local plain lueds anil die l\pe ol beil 
used Noimalh. sludges ait applii d Iroin h 1(1 intlies deep, ilepeiuliiig on ItHal 
Lfindiliiins and (he amciuiii ol sludge .ixailable liii diMiig Addilinn id new 
slurlge on lop rd pailialh clued sliidgt is iiol lei orninended An exieptinn to tins 
max be thin digestei supeinate xxlnth is sun to die diving lu'd lirsl in order lo 
miniim/c its impact on du ptimaix clanfiei In ibis tast* tlierniial rinisl Im- used 
in ruder to pi ex cut blinding id the diving lu-d by miilliple sludge applii aliiiiis 

MISCELLANEOUS DEVICES 

An entire xoluirie could Ih* devoled lo die subjeit rd solids/liquids sepaiation de- 
vires Onix die rnosi fariiiliar have Ix-eii distussc-d in this thaptei lo illustrale 
how s|x.*(idl pioblenis lan pinduie speiial stdutiuns, fnui examples ol spetdic 
kolids/li(|iiids sepaldtoi designs are presented ii> toriilude this thaplei 
Cyclone Separators (Figure 9.51) Otien diHuiillies are eruounleied friim ihe 
present r nl xi-ry line sand m a well water fins may lie laused by iiiiprii|K-t lom- 
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Figure 9 51 Dls iiifliiif* ■ \t Imu nlhi ill u ili is i |||\lll^ Inn s iiid {( tnuhw uf 

Dun (Hun lutt ipuiatnl i 

pliliiiti til Mil i\tll 1)1 Ijiliiic 1)1 Mil Will siiiLii hill sDiiii |)iii|)iisi‘s, Mil fniL sand 
ifi.n 111 an .it i t.|)l.iblt i rnif iininaiit bill if iiias causi i nisioii or fillirs 

anil 11)11 L\(hani^i bids 1 In li\diaiilit cm loin is a i oiiiniDii sfilutiiin In ibis piob 
hill SI |j.itfilin^ Mu sand liniii watii h\ 11 iili diiji.d iniit I In st iMloiusaii 
also iisi d I Ml iisimK in Mil piil})/papii iiidiisliv as pulp 1 1 i anil s lliiliLaw sill 
lusi pailiLlts oi mini ill bus is uMili lasiK stpaialtd honi li^hlwcijilil pulp 
libiis b\ Mu iLiiiiiln^.d lotus in Mu isrlnnis 


TABLE 9.2 Strainer Size varaua Size of Pamela Paaalng Through 


Mish 

1’ Il III II 

Sl/l 

1 ill i;ni \ 

Sl/I 

fill In s 

Mu 1 nils 

nl sdIiMs 

11) 

n ( 17 *) 

2\m) 

T 

Jl) 

1) on 

SIO 

1 

U) 

IIII' 1 

dXI 

Si lilt dill 

Ml 

II <117 

IJO 

Snliils 

hll 

1) DIJ 

J lO 

\ isilili In 

SI) 

0 IM)7 

MSI) 

11 ikt fl L \l 

11)1) 

0 ()l)h 

1 lO 

— 1 - 

JOO 

1) l)()J7 

70 

liii liidilv 

270 

(1 DOJI) 

r.O 

Msilili Mil nii);li iil^lit 

^2^1 

0 noil) 

40 

1111^1 tisi iipi 


Misli IS ihc nuinlit 1 of iip(iiiiii;s pi r iinil ol lcii|[;ili whiih is niilus in ilns tast 
t fill opi 11111 ^ ill pi lids l)odi nil nit sli and Mil si/t nl uiii liiimiii^ Mu siuiii In Miis lasi 
U S Si.iriilai il Siitiii iliiiii iisiiiiis .iii Kuiii (niniiuiiial siriins inav noi niatili i^lab 
lisht d St 11 < II sianil.n rls Ini L\aiiipli il siaiiiliss sii 11 uiii isusid l)Li.nis(. iL is stinngi i 
than innsi otiui maluials ilu vuii inav \n sinalli i and Mu nprninf; inrrtspnnriiiiglv 
laigii Mian slandaid si it in iliiiu nsinns 




fO'npoffmeni 


iEi 




Ounef 


e*emenf |s| 


kigm 


“1"®^ elemenf 




■\ 


it- 


::;:::[ ..„ „ 

Wi rJev„e t„ ifrdin . ' ,1,1.., ' 

- 











Figure 9.53 ly|jiiril iii-ilejiili 

iiihuliii- lilu'i rliMiiriils. (ilontitsy 
uj /'hr (.aihtnuNflHw 




Figure 9.54 I iiiliiicci sirve.s, iriNrullcrl us inish .srrcc^iis in u miiiiicipal sl*w; 

plum liuiidlin^ u iiiixlurf nl'(liiriiL’siir unil iiirlij.srriul wusttrs. ((^mn'hwy of C-l\ Buuri.} 
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dills dt ihc point 111 use liihuldi lartiidf^e filtet elrinetils aie olien used loi liiial 
|Milishing 111 piiiKss wdlei Ini suih intiiiil iijiridtuins as textile dyeing;, where 
pailiiulates, pailiiiilail\ nist (oiilil damajri iht linislu il guilds Both ixpeiidahli 
and rleanalilc elements aie available 

Cross-flow Sieves (Figure 8 . 54 ) I his tv pi oi siilids/liquid separatiit romhmes 
the teihnii|ues id sLicuniig with initial sepaialinn laiiseil h\ a ihaiigc in diitc 
lion ol Hind flow 1 he suenniig slots att at light angles to Ihiw, and the iniliiu 
angle ol the stieemng device is sckcled in give iiiniplelt diainage ol water 
thioiigh the slots behite thi Mow teaihes the base ol ihi iiitliiii 1 his deviu is 
used for scpaiatioii ol hbioiis nialeiials Itohi watei pi odiiiing a dew ate ic d pulp 
and watt I which inav licieivcleil oi disposed ol mini uadilv tin rd tht hulk id 
solids 
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Chapter 10 

Precipitation 


Oiii ( w.iti 1 lilts hoLii tiikL'ii I null Its stuiTir, il iiiii> li«i\t lu cii in a state nf 

111111, It IS iifuii L\|Mjsi il in |iiimpiiig, aeraiinii anil hcatiii)^, an\ ut uhuli 
iiia\ ii|ist I iis slahilils .nirl Uail tn intiiision in sialiiig VVlirllun a paiiuiilai 
.111 I will iriiil In (1)11 fiilc iiu lal in Int in .i ( aC f )| si ak* laii l)^ i niif’liK pi rilii irrl 
l)\ iis Siahilm liiilcx wliiili tan hi lakiilaied liiiin llit snliihilils pi mini I nf 
talc null laihniialL .niil the iniit enliaiions nf leilain inns in ilirwalci 1 he saiiir 
piiiiiipk's ust il 111 pmluiinir walLi siabililx appl\ in all pieiipitaLinii pimesses 
file |n 11 ipilalinii piiMiss inaki s use nf ihe snlubililx piniliul nf a inmpnufiLl 
iniilaiinni; an inn rn i.irfiral lhal is loiisiiUierl rlettiiiieiilak .mil thal shimlcl, 
llieirfini, hi iinin\cil Inline ifu walii is pul tn usl 1 Hl ic'fiuLlinn nf takium 
inn 1 mil i nlialmn b> |n 11 ipil.iiinn as laliiiim taibnri.iU is mie exaniple nf ihis 
\itsinplinii IS a piniiss wilh sinnr siinilaiilies in pi 11 i}>ilalinn 1 be climie nl 
fin acIsniljLnl .tncl iIil ile^iLC nl itiiinv.il lliai can hi ailiievtil ina> be niih 
tniii;lil\ ileli 1 inineil, clal.i frn eslinialiiif; pmpnsi s iiia\ In fniinil in teiliinial 
lileialiiit, anil iltesi aie iisi*liil as a ^iiiile In bent li evalualinn nf the seleileil 
pint ess An eviinple nl aiisinplinii is it mnsal nl siliia lioni w.ilei nii iiia{^nesiiini 
iivilinxifle inetipii.ili 

leinpi laliii e is an iiiipiniani failni in bnlli pi ei ipitalinn .ind arlsniplinn 
le.iiljons 1 III sninbiliis pinriiiil is afleited b\ U iiipeialuie. knnvsin^ llie snlu- 
biliis ihaiaileiistus nl tin desiied pieiipitale will infliieiiie the stdeiiinn nl 
liealineiil eiiuipineni knr example, il pielicaiin^; wale i tn a higliei tinipLialure 
piiNliiies impinsed lesults n\ei llinsi expeiieil ai aiiibieiil lempLiatuic, then 
iieal exi liaiifiei s nia\ be jiisiilied leinpei aiui e alsn iiifhieiKes ihi lales nf all 
iheiniLal leaitiniis, and liealnif' iiia\ nuke it possible In selei l siuallei leaclinn 
III sediineiilalinii vessels Ini lIu pinitss 

One nf the limdameiUal piinu))les nl pieiipitalinn is tlial the si/e of a pie- 
Lipildle increases if the ihemical leailinii is eni nuiai'eil In niiin nii pitviDusly 
pieiipilaled paititles II a small tivslal and a laif^e trvslal nf the same siibsiaiiLe 
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are plared in a saLiirated sulutioii of the substance in a beaker, the snialJ rrystal 
will slowly disappear as the larger one grows; il a eryslal of sail is inlroiliiced into 
a supersaluraled, dear ssalt snlutinn, it will grow as sail roines out of snlutioii on 
the surface of the seed mstal in preference to lorinin^ individual irystal iiiidei. 
Because of these reaLtioiis, iiiusi prccipitatioii proi esses in watei trealmeiiL are 
conducted by iiitroduriiig precipitating cheiniials into the water in I he presence 
of previously precipitated sludge. 

SOFTENING BY PRECIPITATION 

Lime solleiiing, the mi>sl w'ideh u.seil precipitation proiess, serves \^ell to illus- 
iraie the impoTtance of four ke\ \atiables m prciipitation: (I) .soliihilii\, (2) prir- 
lide charge, f.H) temperatiii e, and (4) time. Lime soltening is iJie i ethic lion nl 
hardness b) the applitaiioii of h\draied linu' to walei lo preiipitate 
Mg(OH) 2 , Of both. 

At hist glance, it ma\ appeal pafadoxiial thai lime, a toiiipouiul of fahiiim. 
tan l>e added to watei to lemove laliium; the explanaiioii is that the h\fliox\l 
radical is the reactive component of lime, coiiseiiing C'O^ and IK^O.i lo ('.(), 
causing CaClC);i to prei ipiiate, as shown b) re’iuiiiins (1), (2) ami (‘1). 


l.a(OM)j ^ Ca' 

* ^ 2011 

(Il 

(:a(()ll). 4 

-►CjlUCO.,*^ 

(;») 

ur, in ioiiii foiiii: 



20H + 2C:(L-» LMfCO;, 


i:a(()llj. + Ca( 11 (.().,>2 -» 

2(.a(.(), J, ^ 211.0 

CO 

in lonii Itirin: 



2()M t — 

2C;0,, “ + 211.0 



Othei h\droxide i ompotiiids (\aOH. KOli) loulil also he used, liui these 
cannot iisualh compel e againsl the hm cost oi lime exte|>f in special men in¬ 
stances wheie ihe\ ma\ be available as b\-produi Is. 

Most softening leailions aie earned out at a pll of aboui 10. Ai lliis pll, 
iisualh tallies a negative, and MglOlI)^ >1 positive, ihaigi*. II lliese 
ihaiges are noi neuirali/eil, Lolloidal hatdness mav tesisl floe i nlaiion and canv 
over into the elHueiit. l^alioiiii rnaguhmis mav be needed when the bulk nf the 
precipitate is negalivelv charged CiafX)-,. as in pailial lime sohemiig. Sndiuni 
aluminale is frequentlv used as an aiiioiiii loagulant when low magnesium 
residuals |positivd>-charged MgfOHhl are needed m coiiiplere lime solleniiig. 
1 lie roagulaiu mav he .siippleinenied hv an anionic oi a noiiionii llniculatit. 

The water chemist distiiiguisfies between cold process lime soltening, usuallv 
carried oui in the range ol 40-90'’F, and hot piocess, at 215-230"'!'. Results 
achievable at inicrmrdiale tempeiaiuies are often ol mieii'sl. Oliiaiiimg data in 
the intermediate range mav rei|iiiie hencli testing, as vitv few plains have 
operated in thi.s range. At about ]2f)°l', silica removal, wlinh is negligible in 
cold pnuess softening, iiii teases. Al ahniil 140-1 lime solleiiitig rjf sewage, 
which IS rather incomplete cold, begins to approai li hrii process results. These 
phenomena illustrate the impoilance of laboratory testing under aciiial operating 
cniiditioTis to obtain ndiahle data hetore a plain is designed anil built. 

PARTIAL LIME SOFTENING 

7'he most prevalent preripituiion prcHcss in water treatment is the reiluitinn nf 
caliiuin hardness by its preiipitation as LaCX);i. Siiiie the alkalinity of most 
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Figure 101 I In ilai<i iisnl Im iMinuiiiij^ ulunin i.ii 
liiMijii iisirliiils III iiiiiMiiiiniuil linn Mlltlnlll^ |jl<inis uiili 
(»0 'Id inniuu s cli uiitinn 


u.iif IS IS in tlu hiiaihiMiarL loini ainl biiausi rhrii is usu.ilb C O, |)ttsiMil rlic 
pit iijiiiainni nl laliiuin i.iihniiau iitjuius llu imnt’isnin ol ( anil hiiaibon 
all toiaibniiaU as sliimn In itaiiiniis (1) (12) and (^) 

\s uas pniiiiirl mil piLsimish, ( a( ()| pieiipilalinii is nni as sinipli a irailiDn 
as il a|iptais in bi huaiisi id ihi Imiiiaiiiin id inn pans anil Iniausi nl iiilfi 
III Lillis siiili as Llu slabili/aliDii nl inlloidal lalfiuin laibnnaii:* piinnilinf; iLs 
puiipitalinn in ilit' nniiiial uaiiinii iiini Biiaiise id this, ibt ihenieiiial sidu- 
biliiv iiiTM IS nl liniiitil \ahiL in pit-ilicling tlu aitual itsnlls dial inigliL bt 
ailiiiMil III a pKiipitaliDii Ttailinii siuh as pairial limr sidtening Fni estimating 
pijipnsis llu sidubiliiv as shnuii In Figuii 10 I is cnniinonb used in the water 
luaiineni indiisiiv 1 his assumes die sidiibilits nl lakiiim tarbnnali at ambient 
ri\Li watei in wellwalei tempnaiuies in be abniil S') mg/1 as ( aC.Oi (Obvioush, 
il die vsalii suppb is alitatU liss ilian 'K) nig/1 in laliniin hairiness, lime snften- 
ing Ini I all Him lediiiiinn is id no salue ) IL alsn assume s abnut bO miiuiles delen 
linn in llu leailiiin lank 

In pierliding die lesiills nl |)ailial liini snlieiiiiig, llieie ate twn lases tn be 
Innsirleied, one iii whiih the lahiuin baldness nl die law water exLeeds its { t] 

alkalimt\ and the nihei in whitli the alkalmit\ exieeds die laUium hatdness 

Wlieie die lakiiim extirrls die alkalinity (Figutt 10 2), the lesulls id iieat- 
menl aie lakulaied bv esiabhshnig hrst that thcie has been no rhange in any 
anions cxLepl alkalinity, which is timverled to S5 nig/1 ( ()|, as La( ()] In the 
latioii poiliim ol the analysis, the magnesium is shown as being ieduced b\ about 
10^/t I he sodium lemains uruhanged, and the cakium is then cakulaLed by 
diffeience Figure 10 2 shows an analysis id a raw watei liaxnig a cakiuin bald¬ 
ness exceeding the alkalinity, with results aitei partial lime soltening, lollnwing 
this method of call illation llu appi oxiiiialioii id pH is taken lioni alkalinity 
relationships discussed m an eailiei chaptei 

Where the alkalinily exceeds the lakium (as shown m Figure 10 B), the Ldiion 
section of the analysis is cakulaied hrst the calcium is shown as Bf) mg/1, the 
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Figure 10 2 I'mi il I nhl Imu sulli n sulis win n 1 i \1 ilk iliiiiix in ihi i iw wiiii 
iiifiKsis 


iiiagTiLsiUTii IS i((liJ4iiJ b\ 109r iiirl rlit siHliiini is iiiuhiiigiil In llu iiiiiiiii si r 
tirin riMht atuil\sis cxrrpl Ini alkaliiiils llic m iriaiiiiiig aniriiis au iiiu liaiigf d 
I hi iDtal alkahniti is ihtn fahnlatttl In thnLiLiHi 01 ihi ilkiliiiils ai 

UasI niiisi l)t pi I still as (arlMiiiitL 1 hi halanci niav lx hiiarhniialt ni 

as much of this inav hi imuciltil to caibiniati as nishid cltpending on the 
dtsiied Siahilitv Index and pi I ol ilii s>sU in liguu 10 ^ slums .i law naiii 
having an alkalinils in t xirss nf calcium hardiussancl shows tin tcsuits rd Heat 
mini with SLviial examples ol vat >ing dc gne s nl loiiviision of hiiaihonati to 
carbonate 

With rxpeiieiKL in using such fahiilatioiis and in it viewing ailual plant 
iLsuhs, the watci tiealinent cngmeei can tmpiinc niuiais m pi edit lion of 
lesults ol paitial lime softening Foi example, it is apparent that if the taliium 
IS gready in excess of alkalinity in tlie law water the shape of the soluhilitv prod 
ucl curve is such that the carbonate would be lowcicd below mg/l C ailxinatc 
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alkdlmitics as low as 20 mg/1 have been obseived in pattial lime siilieniiig ol well 
watei al (IS^C') having an eviess caliium of moit than 200 mg/1 

1 he leasim ioi showing a magnesium lediutinn despiie the lail that this may 
nut lx* one iil ihe goals iil ilit ireainn nt piogiam is that il is impossible lo inslaii 
taiieinisly mix a sliiiiv of liiiu into a laigc liodv of watei al tliL point of lime 
intioduition ihe walei is inassiveh ovcitieated with limi, and it is mcvitablL that 
some magnesiuiii will piecipiiatc hiiaust of this 1 he lOVf lediittion is aibi¬ 
ll ary and einpiiiial based on a laiio of ( a Mg of 2 1 if this laiiu is lediiied, 
magnrsiLim il dm lion iiKiiasis 

Mg"" + ( a(OHL-^ MgfOIl) I 4 ( a+" (4) 

111 this piiKCss, tin liinc iet|iiii(nunt is based on llic C ()j alkalinitv conseiied 

10 (ailNinate, and magm sunn ii diiition \ simplihcil i hart fm rleleTTiiiniiig lime 

11 i|iiii i meiil IS shown m higiiii 10 1 
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COMPLETE LIME SOFTENING 

Soiiuniiiirs ill! irsiilual caluiini htiuhicss p.iiiial linii snluniii^ ni.i\ still 

he hi^hci ihaii the iniinicj|)aliL\ 4)i iiuJuslnal DpnaijDii ie(|Ujris II sr>, .nliliiiDii.il 
idkiuiii leiliuiiiin is aihirxi’rl h\ .iihtiii^ sinla asli I hr itMiin>ii is «is IoIIdws 

Ca “ + \.iA (), a( 0,1 4 2\a^ (‘D 

\s LalLiiiiii IS prrcipil.iircl .is ( a( (),. il is 11 plan il l>\ llii sruliiiin li i>ni ihi soila 
ash I siii^ ihr sainr r\aniplr as slnnvii railirt Ini pailial him snhriiiii^ 1 i^ini 
10 2, thr iinthrt iiiliuiinn nl laliuini haulm ss In snila ash .trlihiiiiii in simi.iI 
slaves IS shim ii in f ii>ui i 10 'j I lit .ininiiiil nf sorl.i .isli i (f|iiii i il is simpK t ali ii 
lalril nil ihr basis nf ihr .irlcliliiinal laltium haiiliitss iifhitlinii uanud I his 
.iclrlitinn i an LOiinniir iiiilil (hr c aliiiiiii irai hrs a li m I nf ahniil m^/l In \ niirl 
this, rxirss srnla ash h.is niil\ a paiiial i.ithii ihan a dm cl, rlliM in irdmiin; 
(allium liiilhri 1 * 1^1111 10 '1 shims ihr irsulls nf ixtrss snd.i ash .irldiunii nn 
(allium haidnrss, alkalimlv, and dissnhrd sniids 

If triliutinn nl nia^nrsiiiin is drsiirrl alniii^ \Mlh i.ilunm iriliiilinn. arld111nn.1l 
hiTir must hr arldrd hrsniid dial ii*i|iinrrl Ini paitial snllrnin^ In irail with .ill 
of thr ma^iirsniin aiirl to piinidc an rvi rss h\rlrn\irlr alkaliniiv J hr prnii dm i 
fni rslmlatlfl^ irsulls .l^aln rli piMids nil v\hirh nl iwn i.ilr^nius ihi wAlvi (alls 
inln 111 the hist, thr Inlal h.iidmss rxrrrcis tnial .ilkalinits, .ind in the sriniiil ilu 
irxrisc IS true 

Wluir lni.il haidnrss rxcrrds alkaliiiilv, thr anions an caliiilairrl Inst llunr 
IS no ihanirt in .minus nthri than .Ukalinitv Siiiir ma^nrsiiim irdiiitinii is 
drsiirrl, an rxirss hvrhnxidt alkahiiil> of 20 m^/l is iisnalh srlrctrd Ihr i.ii 
hniiciK^ alkaliiiil\ is shown as ‘I’) mg/l, and ihrir is no hiiathonalr alkaljiiil\ In 
thr (atinn srcLinn, dir sndiiim is iinihan^rd .iiid thr ina^nrsiiim is irrliiird to 
20 111^/1 I hr talcium is thru ilrtriminrd h\ thr ddirirnir 11 this laUiiim Irvrl is 
still liif^lirT than rlrsiird, soda ash is addrd to irdutr it, and rai h 1111 irmriil nl 
call KITH irdinlinii irsulls 111 an iiii rrmrntal sodium iiuirasr 

Ihr Imir is a^aiii (aliiilatril as dial i('(|iiiird loi ('.C) 2 , hiiailioii.nr iniuri- 
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Sion, anil ma^ncsiuin icdiictinii plus an exLess ol 20 mg/l 1 he soda ash dosage 
IS laliulaied In thi desiied Laltiiini leduLtioii in a slep-wist tashion Pigun M) h 
shows loniplett toJd pi mess liiiu soda soiuning of a well watLi wheic the 
haidriess exLeeds the alkalinii> 

Al oiu Liiiu hatch liinc soda sofu nmg was a i oiiinioii pi ollss hi li caling walci 
loi sleiiin Imoinoines llardiuss li\els lonsideiahh ht-low those shown in 
tiguK Ihliwtit aihievf d Ik causi ol tin long dtteiilioii Hint Balih soltcneis 
ail still 111 list 111 soini stt 11 nulls toda\ piodiiring final h.iiiliuss id less than 
20 ing /1 

Wluii lilt iilkaliniis txi tills tin hatiliuss ihi lalioii siclion is calculatid 
Inst anil soda ash is iu\li list d 1 hi sodium is shown iituhangid tin laliium 
IS It dined to nig /1 ^md tin magiiLSiuni iLduiirl to 20 mgd Tin anions othii 
than alkalinil\ iiniani iinihangcrl the hvilioxide alkaliiiil\ is shown as 20 mg /1 
ainl tin halarni is tailiniifili 11 tins laihoiiati alkalnuts is tiM) high it can In 
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Figure 10.5 I nlil linn soficnmg Im i iliinin ii[liulinii 
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Figure 10.6 ( [iiii|iliU mid Inin Stirl.i m»I|( wliiii i.iw vi.iU i li.iiiliiiss ixiiids 

alkaliiiih 


tefluLL'tl b> ihr firlrliliiin iif ^v|]SlllT^ ( •iSf)|, taili iimi int-iil nl gypsum piiuliu- 
in^ an c(|UivdlLiit irduflinii nl alkaliiiilv aiiiirrling lo llii lfllll)%vlll^ irailiun 

((),"+( aS<),->( d( (), I 4- S (>4 ^ (li) 

In all (if these tolri pi in ess il at lions, it is exiicmeh impoiiaiil that pievionsly 
piecipilalerl slnrJ^e bt leluineil to the reatlion chaniber Jrir rnixiiifr uilJi lau 
svatei and lieatinrni tlieniM.ils A ivpital desifrn of a lolil pint ess lime solleniiif; 
piccipitaUim mill is shown in 1 if^uie 11) 7 Anothei dcsiffri, shown in ti^uie lU K, 
IS a unit in wliiih ihe leaitioiis ollui on a bed ol raltiuni tarbonale giaiiules 
I his IS mote lompaci than the hi si design, bin il leijuiics sophisiuated Lhemnal 
feed equipment so that the tliemiial iced tale is msiatilancousl) adjusted lo 
liiaii^es m walti flow lati, siiue ihrie is no piovision loi i ec iic illation wilhin 
the reaition vessel ilsell 
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ditrereni, as shown in Fi^uru 10.9. 'T'hcr aniciuni ol linu‘ rpi|uiitfil is less beriiusc 
usually none is necrlerl tor CO-i reailion, since riiosl (iOz is eliniiiiaUMJ by 
beating the water and spraying it iiiln the leaclinn vessel. Some high (’Oj well 
whalers are dilfiruli to degas, anil may reipiire exiess lime lor ilie residual C:(X.. 
.Silica i.s appreciably reduced by adsorption on ihc magiiesiuni hydroxide 
prccipitale, and the residual hydroxide alkalinity needed lor magiiesiuni precipi¬ 
tation is also coii.siderably reiluced. 

rhere are two basic de.signs of hot proces.s .soHeners applicable either to the 
linie-soda process or the lime-zeolite process. The First (Figure 10.10) is a 
sludge blanket design, particularly efl'ective %vhcre silica reduction is important, 
but somewhat sensitive to load fluctuations. 71ie second (Figure 10.1 I) i.s called 
a downllow design, and depends on a recirculation purini entirely For providing 
sludge contact; it i.s generally not ijuite as eflective for silica redurtion as the 
sludge blanket unit, but is less susceptible to upsets caused by load fluctulatioiis. 

With the lime-zeolite design, coiiiplete hardness removal is achieved and lower 
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Figure 10.10 SUhI^l blankii ilcsifiiinl hm |iili[i'is siiluii(:‘i uiih diiLssun 
Li|iiipiiunl ff tif ( m/itaiH Dnisuni thj ( ffim ( fitiif}a}n ) 


alk.iliiiiLx IcM’ls tan be piiifliuerl beiaust sorla ash is nnl requiiecl ff)i letluunf; 
Lakium hardness l*i|rutc 10 12 shows the lesuJls of riealin^ a walei hif^h ill 
excess hardness 11 the water has an alkalinit> in excess of haidness, alkalinity 
I eduction can be aihieved cilhei b\ and feed ahead ol the sofienei in b\ the 
addition ol gypsum to the reaction /one figure 10 13 illustiatcs a complete 
hme-/eolite system 
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Figure 10.11 1 ) Dunlliiw rli si^n Imi |iini i ss siilli iit i v\illi iiiiiliiil 

iUmccs aiirl |iiii\isi(iii Iiit sliiil^i 11 i in iil iliiiii {i uj ( mhttttu 

Duimuu tht ( tam ( uinlwny f 

HEAVY METALS REMOVAL 

Heavy rniiiils an usually nMiidvirl liiiiri v\aiii by pieniiilahim, allliou|;li luii 
exihanprp anrl adsuipiion aie also used lion is a rypiLal example ol a liea\y 
nielal leqiiiiinfir removal, htiaiise ii is a ifiiiiirion [orisliliieril of s\HI walei and 
must beiemoved liom potable sii|)plies It is also liequcnilv found in waslevwateis 
requiimg treatmeni before disihaigc 



Pr^HpIMon 10-13 

Ihi li\[linxirlcs i>f htavx milals ait usiialK insnluhli so linii is trimmoiih 
usLcl li)i pr iipiiatiii^ lluin lliivvcxii sdiiilIiiir s iht latlinfiale's rn siilhilt's 
dll kss sdIuIiU lliaii llit hvrliiiMilts sii pit iipitaliiin in llust Irniiis iniisi also lx 
lonsiiltitd 1 lie It ait piiihihK siliiilioiis when icoiioinirs jiisiil\ pailial 
pi [ (ipilalioii with hniL in thi sohihiliU lixil ol iht h\ilio\iili lollowcrl a 
St 1 011(1 ii\ titainiLiil with sullidt lor it din lion lo llu spirihiil hiiiils (1 i^juk. 
10 11) So ihi lIioiii ol lilt 1 L ailain IS lilt In si toiisiilLiaiioii in iIil pit iipiialion 
oi 111 i\\ nil 1 ils Siiiir siiliibihl\ is iHiilirlln iLiiipii iliiiL ihis bt i onus isiioiiil 
(onsiili 1 alion 

\ lliii il iiiipoi I ml 1 11 loi 111 |ii 1 tipil moil ol hi i\\ nil 1 ils is llu \ ill nr i st itL 
ol llu nil I il 111 llu w 111 I I Ol L \ iiiipli kt 1 oils II on IS i oiisidi iabl\ mot L snlublt 
ill mil lilt non Hi i nisi ol this li i unit nl ol llu wilii willi in o\irli/m^ lO 
sill 11 IS ihloiim Ol ]ioiissmm pt i in ini'in iii lo lOiiMil liiious non lo llu 
liiiii si III IS in i ssi nil il p 111 ol iliL non itinox il pioitss \nolhi i iximplLis 
ilnonimm wliosi hi \ i\ ilt ill lotni ihiomili (i()| (( i ' -I I), is ion 
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Figure 10.12 Ihu piincss luni /loliu in iiiiiiiii ii JJO 1 
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Figure 10.14 ( niiip.iiisdii nl sulhili snluhililn s ol < 1 lUiii i ilicuis 

lo iluii IimIi iiMili s .mil uiihiiiiiilL s 


siihi.il)l\ iiirni sdUjIiIl lli.iii ilu ii i\.tU lit iiii iii. ( i ' In ihi>i i .isr, ilir i hi niiiaiL 
(III wliiih ( I IS |Mrsiiit as ( i **) niiisl ht ii'diiiiil, iisii.ilh with SO iii .1 iriw pll, 
Jill ]riiiii\.il III i 111 iiiiiiiiin (.IS ( 1 ') In a pi lm ipitiiliDii |)ii)irss 

\ liMiilli .ispiil III tin ]ii i u|iita(ifiii piiiirss is ilu /rla |i(ilriiiifil iil tlu* inititil 
lIl.l\^ MU i.il uiiliiifLil pnnpilalt In iii.inx plants uluu Iumw niLMals aic Ix'iii^ 
It mini rl, mu nl llii piiiuipal piiililiiiis 111 iiMiliiiii* tlu rlrsiii'il rlflurnl limils 
IS ilu‘ ifillniilal stall 111 till- pi uiipjlali'rl inairiiats—tllL^ ha\i niit lit‘i 11 pinpiMh 
Ml nil ,ili/i il, uia^nhilril, aiul Ilnii iiKiti d 

\ liiial aspril nl nu'tals pi 11ipitaiiiin is ilir pnssililr Ini inalinii nl 

inni|iU'\ inns. v\liuli .111 iriiiiiiiiui uluii clraliin; with waslrwalci s innl.iimng 
.immnm.i, lluiiiiilr, in i\anitli alnni’ with tlu hraw miMals hni i^xainplt, 11 nii 
m.iv hi inmplrxril .is tin lii 1 ii(\.inirlr inn, which is lalliti snlnhli*. anil will 
1 rmaiii in snhilinn iiiilrss tlu 1 iimplrx lan hr hiiiLni h\ ihriniial 11 lmIiiil'iiI 

BENCH TESTING 

Urifiiisr nl llirsi* impnilaiit asprits in ihr piriipilatinii nl Iilmvn im*ials, llicir 
IS nn wa\ In pifchil tin lirsi snliilinii nl .1 spriihi pinhlLMii wiihuiil iinrlri ^nin^ 
a sriirs nl liriuh lists tn rsaliiati* tin allriiiatiMs axailahli I hr iriinnal nl iinn 
linm w.itri is an iiilrrrsinij) rxainpli nl this 

In Ihr piriipitalinii nl 111111 linni watri, thr fust str|j is ilir iixiilalinn tn tlir 
In 111 I niiilitinii, iis illiisiiatc'cl In thr fnllnwin^ iratiiiin 
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Figure 10.15 SiluMnaiu nt nun iiiiin\.il lilit i plfiiii I IiisliI piissiiii 
.U'laini in«i\ hr iisi il iii pLui nl llu iipiii Itmii shnwn Wtiiu an ii\u 
hiMcl srm.i^rr lank is iisril Ini iiiuti ni plan! siippU iliis tan hi iisi rl In 
siippK haikuash walti 


Snnietimrs an tan he ust^H siiurssliilK in n\irli/r iniii hul innsl tiri|niiill\ 
clilniiiiroi pntassiiiiii pri iiiati^anate IS I t'tpiiieil [ hr i lilniint iu.i\ In ajiplird as 
I him me ^as m as talc nun h\pni hiniiie I nlrss ihnr is p.isi (xprnrnir uiih a 
six'riln wain suppiv, rath nl llirst ri\irLitiiiii it a^rnls musL hr i\ alii.iiril in st In i 
I hr brsi pi mess 

1 hr pi I f)t ihr wairt iiiust hr atl|usiril In an npliiiuini \ahii, ilLUiiniiirfl iini 
mils h\ ihr sniiihiliis nl ihr pi eu|iilal(, hul alsn h\ ilsihai^i li ina\ hr iiii(‘ss.ii\ 
In ilrtri iiimr ihr/ria pnlrnlial in selri liii^ iliL nptimuni pi I fm liialiiirni IIuil 
air distinrfnr diflneiiirs iii lilt chcniiial used Ini pH ad|usrnHni alsn i*ni 
example, lirnr is usualh inrjre rllritne than lausln snila al llu* saint |)JJ, anrl 
this iiiav sen well he aitiihiiied in ihe iliaii^e nii the paiiitles aiirl iliaiL>L 
nruiiali/aiinii 

Oiue the iimi has been nxich/rd and ])iei ipitaird, ihe snluinr id slutl|^L 
piiiduird niusi hr rxamiiird in detidr whetlui thr tiraii'd wain lan llu ii In 
tlaiiiird h\ dirrcl liliiaiinii nr will 'e[|iiii( liiMiineiii ihinii^li a sidiini nialinn 
tank prim In hllraliiin (>riirialh whiir llir itnii is Itss than i ni^^l ihr nxiili/ed 
wdtri tan be irtl dnrclh In a liliri 1 Ins is iisiiallv a mixed nirdia fillri pinsirlrtl 
with ail St mil drsues sn ihal tht in'd tan hr krpi (lean 

A Ispital linn leinmal plain ol ihis i\pe userl m niiiiiKipal srivut is ilkistialril 
b\ l*ij(uir III n 

Man^anesr-tirairrl /mine is rdttn used as ihr lilliatimi mrdium iii lillris 
nl liiis l\pe Wheie ilns is dmit, priinaii^aiialr mas he Ini tn tin watn ahead 
nf these films, ami lime mas In led Irii pH LmieLiinn as well I lirrse whn lia\r 
winked with ihis pi mess ilaim that the oxirlis of iii.iiifraiiese pinrliurrl hs tins 
leattiiin aie lalalslii in ihe uxiflatinn nl non wilhiii the liliii bed A pei man 
franale-iteaterl wain suppls usm^ iiiaiiKaiiese /enlilr .is liie him inednim is 
illiistTaled hs fij'uie 10 10 

One nf llir t nmpliiaiions iif the nnii lennn.il pi mess is llir laii dial mans 
iinii-heaim^ wateis alsn innl.im sulfide I Ins arlds in die riemand ini tlilmmeni 
nthri nxidi/m/^ a^eiiis 


SILICA REMOVAL 

Althniigh siliia tan he reninved hy atlsniplimi nn iron flnt m die ina^ulalinn 
prmrss, effifiemv is lr>w hiir dial leasuii. svhcie sdua temnsal is leijuned, il is 
usLialls done in a hot nr svaim pintess sxsteiii 1 lie siliea is adsmlied nn mag- 
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nesium hvdroxide piciipiUtc, whirh is eithpi loimed Iroin the limp soitpnin^ 
real rum ot addpd by usini; dolomiiu lime as the Wiiter snfipriing leagent 
Ivpitally, llip p(|Uipnipiii used is siiiiildi iii ihe hiil piiMPSs siiltcncis shown in 
Fif^uies 10 U) and 10 11 Sinip the* prtHcss laii be made to opciate pfieLiively 
at ipmppialiiTPs as low as 120°F, these svstems tan be modified to maintain 
ihis lempeialuie wilhin lalhei close hunts, uhitli is neiessat) lo a\oid theimal 
cm rents rhal would upsel the sediinenlatioii prcMess 

I he lesulls aiiliupaied li\ pieLipilation ol magnesium hydioxide 1oi ailsorp- 
Lion oi silica are shown b> 1 iguie 10 17 

MISCELLANEOUS PROCESSES 

L sing lime solteiiing oi non icmosal l\pe ei|iii]>nunr, pictipilalion processes 
aie ollen used to iiMiiove manganese lioin law walei supplies, phosphate Ironi 
miiiiiiipal sewage, Hiioiides from indiisttial wastes, and loppei liom metal- 
hii glial wastes hath sn su m is uiiic|iit: and ief|unes he nth lesiing lo dt lei mine 
ihe 1h*s1 iL agent lot ihe pioiess, optimum pi I, jnopei lempei atm c londKions, 
.Old tliL iialuii ol ilu sludgL expelled, whiili will inlliience the selection ol 
solids/lu|uid sepalalion devices 

I 111 list pioceduies usuallv involve a mothfualion ol the ]ai lest wheic^ there 
liras In piovisuin loi hiMting il high temper atm e is iccpnied loi mininium 
soluhililv 111 doing these tests, the lesiduals ate usuallv tieieimined Inith on tin 
sti]>ei iiataiit sample and also on a lilliate alter the supeinaiant has passed 
ihiotigh a 0 11 mill on meiiihrane hllei Ihe volume of sludge piodiiLed is 
iniasuierl vxilh an liidioll lone Lo help establish the Ivpt ol solids/lir|iiids sepaia 
lion ir|uipineiil rci|iiiiid II tin |ai lest does nnl pioduie good lesiilts, moic 
sophisliiated Li|Liipment, siiih as a /eta imtei, mav be needed lo mine |neiisel\ 
iletiimiiie llu naime ol the pantile iHMng lemovcd 

In all of these ptoiesses, an urate and tehahle rhemiial feeding is es'sential 
I he pfl mav he iiiliial, so the chemicals used loi pH control tniisl be pro|M)]- 
lioiicd to the How ol walei and be coiicitrcl b\ a signal showing devialioris 
from the coniiol pH selling 

Although thrie aie instimiienis available lor lecording eflluent haidness. 



Figure 10.16 M.mgaiusi /euliic filui iiseil loi leinoval ol non lioni well waiei 
supplies 
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Maqnebium precpilaled, mg/l as CaL 03 + doloTi hi 
lime added mg/l 

Rgure 10.17 Silica iLdiKlnui in lini pifucss sitluiiiiii; 


wheira pieiipilaLiim piOLC'Ssis sc^lcitcH foi KMiiinal oi hr.iw iiu i.ils ihci t iricU iini 
hr an instillment a\ailah 1 r fni a rliieil miMsiiirinriii nl ihr Iumw iiiri.il aim 
treatment Uiis inipnses spriial limitations on the |)laiit nfirn i ei|iiii iiii; ih.ii ilit 
ireaied elHueiil helrl leinpniaiilv in an iiispi i tioii h.isin 1 ht oprifiioi .inal\/es 
the final rlisc hai .111(1 the piei ipilaloi elllueius anil il spi cilii .iliinis ai i mil mil 
he musi I HI let I ihe tieatmcnt hi foie thi plan! einueiil is disi h.ii ^c iL liom ilu 
letcntion hasiii to a slieaiii ni stwii 
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Chapter 11 

Emulsion Breaking 


\n I iiiulsiiiM IN in iiiiiin 111 iiiixiuii iil i\\ii lii|iiiil |>li ini s siiili is ml .mil w.iti i 
III W hll ll t II III I |)ll ISI III l\ IlL [||S|HlSlll III llu mini 111 WIlLt lIiliiiisIix Iwli 

i\ |u s III L iiiulsMins u I I iiniiiiiiiih liiuiiil ml\ w isii u iii i (ml i iiiiilsilit rl iii wall i 

111 1) V\ 1 iiiiilsiiiiis) mil w isii ml i iiiiilsiiiiis (w iii i i nuilsilinl in ml m \V/() 
I iiiiiKimisi 

C)il\ wasli iinil w.isu ml tiiiiilsimis laii iisiialK lit rlifK] Liitiali il visualK 
()/\V (.inulsimi apinais in 1 h jiisl ml\ iliiu walii a rlinp nt ilu iinulsinn 
iilili il in w ill 1 ilispi I SI s (I i^ui L II \fi) \ \\ I) i iiiiilsimi js iisii ilK Mill k tiiiil 

Msiiuis 1 ih lip n1 iliis I iniilsimi iilrli il In w iii i elm s nnl ilispi i sl (1 ii;iii( 11 1/0 

OIL-IN-WATER-EMULSIONS 

\ii fiil\ w isU 1 iiiulsimi 111 wliiili ml is ilispt isid in llii w lU i pli isi ni.n i nnl iin 
nn III \iiimis l\pis nl ml in i wiili i int>t nl i f iiii i nil itiniis I hi si mis iii 
fifliiitrl is siihsliiiris iliil i iii In iMiiilicl liniii wilii l)\ In \ iiK iiihnii 
III! iililiniili ililninlniin in hi mi In nlililimi In mis l\pi( il i iiiil niimanls nl 
lliisi tnmlsimis in.n hi sniiils sill iiii I il pai lilIi s iiimlsiinis iliiiuis snaps 
snlxinis .nirl nlliii irsiiluis 1 In ivpis nl nils Iminrl in llnsi iiinilsinns will 
ill pi ml mi llu iinliisii\ I 1il\ inn In Ills luhinanls iiitlinf’ fliiiils liLaw 
liMlim iilimis sinli as Mis l;i i iisi iiinli nils anil ilu si I mis nnl ilsn lip(hl 
h\ ill ni at hnns nulnilin^ iiiisnliiu kiinsiin anil )M hn I linn inininii iliun in 
llu wasuw llu iiiaA \At\ linin niih a h w puls pu iiiilhnn in as iiiiii li as VIO^ 
1)\ \nluiin 

\ siabli ()^V\ L niiilsimi IS a I nllmiial s\ sti in nl i h i li n alls i h ii ^i li ml cli nplris 
sin I niinili il li\ an imiii i in ii nniin ni \inlinl iiiiMii^ mil slitaim^ nl nih 
w.islLw.iiii Ml iiiiislti pinups ilispiisis tlust iiiiiuili ml ilinpkls ihinu^lnuil 
llu w.ilii Iinulsinn siabiliis is iiiaint imumI b\ a i ninbiiMlinii nf plusual ami 
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Figure 11.1 (r/) II i iiw [liuj»s 

III IhIn W IUI (l) \\ I lIlLllslllll) 111 
llllllll In V\ III I llu\ lllS|)MM 111 
lIlL VX 111 1 I Ills IS I IL SI In ills 

llii^llish ()/\V liniii \V () iiiiiil 



ilifiiiic.il iiic*ihaiiisins 1 lit st t niLiUinns aii siiiiil.ii in l>ih.iviiM M> ilii tollnifl.il 
svslfiiis 1 ‘iuiHiiiUiirl 111 swamps (inlni) and ii\lis (sill) 

Oiii SLU h slaliili/iii^ lilt i hamsm iniii/aiinii isl)iniif>hl .ihniii h\ ilii aililitmii 
of suilait ailiM atiinls such as nii{aiii( niiltiiils m lUiniis wliiili iirl in 
niaintaimni; a siahlt cnlloidal s\slt in I lusi mnki iilt s usualh lain iniliiiiiiil 
iliai^i and seek iiui iIil uil/w.ilti iiiUtlaic nl ihi t iniilsilii d fli(>|il(l Htit 
tht lU (iimiilfitc rl ihiiiL>ts lansi ilu Liniilsinn lo lit si ibili/id ihioiii>li 11 |)iilsii)ii 
id the ininmnnb ihaii^iil rlinpUls \iunal (iiiniiniiii) siiiltUtiiils tin dsn 
slabili/c an iniulsKin siiut ihisi iiink i iili s at l Iniiiiu linii il niu i ml is sniiilik 
mWiilit and lilt iilliL I ( nil 111 h\diiM.iilinn snilu iiink i uk liiidiii s ilu initil.ui 
and slal)ili/ts ii 

I iiu sulirl pailiiks max slahili/i an i nudsinii il lliix <iil nl i ni 111 1 si/t mil 
abundaiiii Iniliiscasi sl.ibili/alinii uc i iiis bi i nisi ilu stilid par tie k s iilsnibtd 
ai ilu nilwaiLi iniiil.iit mid in iiniliiiit ilii inml.uial lilni I lit dispiistd 
fliripkls i.iimnt uiiksii hicaust fd ibe mtciliiiiui ni blni kni^ illtii i nisi il 
h\ tiu sniids (1 i|>uti 1 I 

I iinilsions tan alsn In slabili/td bv Itiilinn btlvxttii ilu nil .nid w.iui phases 
iitaltd bx xi)Jnii)iis int i liaini al in plixsn.il a^ilatinn Slain tkiliual iliiiL;ts 
dixclnjud bx iJns .iilinii liiiil iniidkil ai ilu nil/xxaiti niUil.ui 

All ciiiidsditi IS LiSLiallx a irnnplix jiinkiiik iditn ha\mi{ .i lixdinphilu 
(xsalii loxnif;) ^i niip al niii l nd .nifl a Ixnpbilii (nil lnxnii>) ^mup il ibi iilbt i 
(ligiiii 11 h mulsdiu s ilispLi sc oil di npk ts m llii xx.iiii |diasi iKiausi ibtx 



Figure 11.1 \b) V 11 w rli ops III 

lliis iiiiulsinii .idili il Id wain it 
iii.iiinrl as isip.iiaii pliast Mrnl 
ilig III! ihi suil.ut slinwiii^ II In 
bt .1 \\/() I iiiulsiiiii 
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Solid parlicles prevent contact 
ol Dll droplets 


Water 


Negatively charged oil droplets 


Figure 11 2 it t si ibili/ition 1)^ liiiils 

solids illiistiitifl wiili oil III u lU 1 iniiilsion 


Ihivt in iJlinil\ liii hnili w.ilii and i>il that iiiaiilts ilitiii lu nMKoiiu llu 
ii.iliiial fiiKis Ilf 1 nail su 111 L 

MdsI (iiiidsilit f s ail suiJaitains lia\int’ tillui jiiiniiii m noiiiniiiL pulai 
i>ii)ii|is PilinliLiiii siilhiiians and siilliiiialt il falls auds an (nnininii iiiiinnii 
i iinilsifii IS ind Llhowlalirl alk\l |ihiiinls ait iniiniinn iioninnii t iiiidsifit is 
I X ini|ih s 111 iialin ills (iifinnn^ sin liU i nils an nnraiiii siillui uniijiouiuls 
s 11 inns siiii|jli LsiMs nid nii lal inniplixis Mkalim i li inns i niitaiiiiiif; sin 
I u i.niis ill n (iniilsds Iim nil in pnsLiii in ni ms svasii uaii i s lalili 11 1 lisls 
1 s nil Is ril iniulsifiiis tor hnili () W and \\/() ssstilus 

Breaking Oil-in-Waler Emulsiona 

1 niiilsiniis III IS III liitikin hs i lii inii il i li i li ills in i»i [ihssnal nullmds llu 
lin ikmt; nl ni tinnlsinii is ilsn i illid nsiilniinn siin i lln iisull is In si pai ili 
lliL iiii^iiiil iiiixlini mill Its pai Is (liiinuals in inmminils list d Ini the Inal 
im 111 nl Dlls vsisiissiuis mil in ilsn iisi d in iiili ini i iiii i li mii il inalini nl 
In hit ikiiiL^ iniulsiiHis ihi si diili/m^ In Inis niiisl hi iii iili ih/i il in allnss llit 



(a) Oil in water emulsion 



NOTE Emulsifier molecule shown in simplified form 

Wafer soluble end^ Oil-soluble end 
(Hydrophilic group) (Lipophilic group) 

Figure 11.3 f Iuiiiil.i1 si ihili/.ilioii ol liiiuIsious lis sui tail nils hisiiif> Indiophilii 
aiirl li|io|)hilii ^loiips 
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TABLE 11.1 EmuMfylng Agonta 


OiUiri-«vaU'i i>pc 

1 Foiiiialiori—ulu’ii <ai.ips ait iiilliiirlalK 
clispcis(*rl 111 wdici ijlid'ic 

2 liinii (iniiKifit'is 

ri SiMliiini, ptiia^ksiiiin snaps anil siilliitcs 
h Sndiiim iiaphihrnt's and iitrsslaies 
r I’letipiKiLed sulfides plus sin failaiits 
(i Oi^aiiu diiiiiU's 

8 bliHiiiiKu’s wliuli ld\iii slaliilits 
ri Salts id unis.dent idiiuiis 
h Sails rd di and iiisaleni laiiniis 


W.ilei-in-[iil ivpe 

1 I oi 111.111011 ulirii soaps aiL pi( [ipil.iUil 
It mil .u|ULMnis phase 

2 1(11111 Finulsiheis 

r/ Mulliv.il(‘nt niei.il so.ips 
h Sul/ide 11)11 plus lailmn paitiilf s 
/ Mulln.ill III nil lid oxiilis 
ti VIeiiaplaiis 

f Naplithinu in iiesilii anils > 

1 b lei 11 iilstLs i>l)ii li i.iMii siahdiis 
Salts id ill .ind tiisaliiil i.itioiis 


cniLilsilieti dioplrls in loairsie 1 hr at i iiinulali il rlrdiiial ili.iii;rs ini llu 
rmiilsifird iliopiri ait* iieulrali/rd In iikkkIui iii^ a di.ii^i oppnsiu in i)i ii ol 
ihr rlinplrl (bijiiiir II 4) ( hciiiiial t'lnulsinii lurakiis piiiMtlL lliis iipposiiL 
ihai^e 1 hi* ilirlrtLiK t hat at iriistiis nl uait'i .iiul oil taiisr t niLilsilii d ml 
dioplcMs lo tails iir^alisr ihai^rs Ihiirlnii, in rlrsialnli/i* .in inl-in u ati i 
riiuilsiDii, a i.iliniiii (posilisr iliaii];!*) i iiiiilsinii hit akri slioiilrl In iistil 

f lie I csidtiliori of an ()/V\ i iiiulsiini should iih .ills sit Id .in ml las ( i and .i w aii i 
lavri lloss(‘sri, siith a i Irai irsoltiiioii is sHdoiii aihirtrd llirir is idlrii .i si inn 
Lidled a lag, al ihe iiitcilatr sslirtc solids and nriiliali/rd rniiilsilu i lollrii 
1 hr licatirieiit ol nilv waslessaln is not malls disiiUd inlo iwn su ]is 

1 (.odpilafiott 1 his IS di'sti lit lion ol the einulsds nl^ ptopiiliis ol iln 
sui fat e-at Us L agriii oi iiriilrali/alion id iht thaigrd oil iliopItM 

2 1 his IS .igglomei.iiJon ol ihi neiit?ali/td diopliis into laigt 
sepal able gloliules 

liadiLionally, suIIuik jtul lias het n list d in oils vs.isu liLalineni plants as the 
Inst step HI emulsion hieaking \iid loiiseiis ihe i.iilinxsl inn in sin lat i.nils In 
carbowlit atiii, allossmg ihe oil tlioplrls to agglnmeiale ( hemu.d inagiilatm^ 




Rgure 11.4 Ihe attiori of a lalionic emulsion bieakei in rienliaJi/iiiff suilaie 
ihdtges on d iidloidal oil dioplei in oilv waste wain 
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Figure 11 5 Mu Iisi H I i l, mii I inulsi m Im ikc is m pi lu dI iluiii ui s ills ulm Ii Ini hi 
li\(li us IlfK s i^ii illv M (liK L s sliul|^i \f liiiiii Mi( nil c 111 hi L^lT iilLil linm till sliirl^i 


t^inis siirli is sills ul iiiiii in jliiniiiiuin t in In lisliI in plici iil aiiil willi ilu 
uliliiiniiil In III III lliil lliisL ml in ii>L,lnniL i iiirni nl llu ml ilinpkts Hiiuixli 
(III iluniiiiuin ni iimi linins IimIkimiIl sliirli;ts lliii nt rliHiinll in ill w mi 
\uils L^L lit 1 ills liii ik (iniilsiniis innii lHiiUmIv ill in i(>ii*ulinl sills Inil llu 
Msiiliini Kirill uisltwilii nnisi In niutiili/iil ilui ml/wilti si:[)iiatinn 

Oii^niii (It iiiulsiliiis 111 I \iit nil l\ 1 111 I iiM Miiiilsinn hit iking igLiils gniiig 
1111111 innsisluii iisiihs mil [ii mini in^ In lU i Llllntnl ipi ilil\ thin in ininginii 
pingiim In in in\ litiiniiiil pi nits niginii tnuilsinn hitikiishiXL iipljiiil 
li iiliimn il iliiiii lu iiniLiii ioi i\iiil\ ilmsi ii isntis In iililitinn In mi liliiig i 
In Ml I i|ij ilj|\ lIMiiiiiI nrginii i iniilsinn Ini tktis nllin itt|niu Inwii ilnsigts 
thin 1 I 111 11 spnniliiiL' nini iiiii In iliiii nl Oiginii i iniilsinn hii ikiTs KtlLiiL 
llu imininl nl sliiilm uiiui lUil in i in itininl pmui im h\ is iimih is 'lO 7'i'r 
(I iL,iin I 1 j) 

1 ihli II J lists ( miilsiiin hii ikiis nsiil in hnth () W mil W/i) in iliiuni 
|)n>gi mis 


TABLE 112 Type! of Emulsion Breakers 


M UN 1 \ pL 

llisil iplli 

1 

1 SL ll 1 in 

Inin 1 ;^ iim 

I’ulw ill 111 niLl il silts sill 11 IS iliiin 
\l( 1 liU If rSMj 

( IllOllU 

n/VN 


Mini 1 il unis siif h is II SI), 

11(1 IINM 

( iiiiniu 

MAV iihI U/O 


\rlsinluiils ( nliliiiL, siiliilsi 
piiKi ii/Lil lI n liiiii 

Nrnu 

() U 

Ml iiiii 

Pfih iniiiiis piil\ unliiis iiicl 
llu 11 Sllbslllllll ll 1 l)|Nll IIUIS 

( iliniiii 

M/W 


Mk\l SllhsIllLllL ll 1 

11 Ills iiid llu 11 s ills 

AiuiniiL 

V\/M 


\lk\l pill iiLilii fisiiis siilisliliiu rl 
piil\ iknlnils 

Nuiiifiiiii 

V \/0 




RQUre 11.6 I III filial piorlunrl h\ (IissiiImiI hi llniaiiiiii nl an oil\ w.isli v\ iiii 
(-uiulsiun (( ouihw «/ lujihu Ihiptmunt humfMtatu! J 


Mechaniial ()/V\ iroriliiieiii murluirls iiulurli* fiDtation (l)\l) iiliia-hliialinii 
(LI), aclivatccl laihnii arlsnipiioii (\( ). anil malrsi me c 

In a (InlaiKiii iinii, Pi^rure 1 1 h an is ilissnl\Lci uiuUr piissuic (40 70 |>sijii) in 
the li(|iiifl to bi iTcaierl As tin piessuie is it least cl, the liipnil beioiiiis siipu 
safuiaiecJ witli an and small liiihbks loiin 1 best hiiliblis, lioin 10 to 100 mi 
cions ill dianielei, innnialb fia\e a slight iiegatiit ihai^e I Iil‘\ ni.n lollirh with 
suspeiicieil paititles in the lirjuirl anrl allaih llienistlxes h> iirlhesiiin adsinplion, 
oi eiiliapiiuiil vMlIiin llit thii Siiiit the net spicihi ^]a\it\ nf ihis .ui snlirl in 
aii-liipiiil pai Ilf le (Dnibmatioii will he less than that ol waitM tin p.iiiiili will list 
to the sill fact llure it ininbiiies wilh fjther paitiilts to Irnm a liolh rn fhiai, 
that tan be leminerl hy meih.imtal skiinmeis 

llieit arethite I\|ies ol dissiilxed an llnlalinn s\stems, diieil acialniii. [jailial 
aeration, and efOnent ieriiculalion 1 xperienit has shown ih.ir lilhitiil leciitn- 
lalion is iisiiall> ihe most eOnieiit loi oil leiiioxal This iiuohes ihe pitssiiii/.i ' 
Lion and aeialion of a side slit am of ilaiifierl eflhienl 1 Ins sin am is llieii mixed 
with the piuliealerl waste stieam iii llit llolaiion lank An oils waste emidsirin 
brcakjiif( themiial (oi^aniL oi inoif^anu) iiia> l)e used to tlesiabili/e .iml agf^lom 
crate the colloidal oil scispension J he (iiiiimoii ]>raclice in oiK waste tiealimiit 
plants IS to feed the emulsion bicaking ihemiial to the suition side ol the lill 
pump Ol into a lapid mix tank and an ninrgami luagulant aid to rhe disihaigi 
side ol the pump A high molecul.n weight pol\niei max be added lo the ic*(>ile 
stream piioi in eiiteiing ihe flotation unit 

Ultiahlliatioii consists ol foitiiig an oil) emulsion to pass ihiough \ei) small 
poies (less ihaii 0 005 miirons) in a membrane Onlv watei and dissohed low 
nioleiulai weight iiiateiials can pass through the ptne sliuituie ol the mem- 
biane, leaving a tourentrate ol the emuUihed oil ilioplels and suspended 
pai tides Plugging does not ihcui as it ran in oidmaiv filtration Iretaiise paitiiii- 
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Lilts jir iihkIi I.ii^ci rhiiii iht* piitrs .inri 1 . 1111111 I llit' mcmhiaiit' stiULiuic 

\(|j\alirl laihun ailsiii|jlji>n h.is hmi iist^il In iliMii up uasu-watci cuiiMiniu^ 
1i sst 1 .iiimuius r)1 snliihlr anil l iiiliJsiIilmI or^aiiii Lnutaiiiiiianls (less than 100 
in^/1) I Ins IS usiialK tiiiplii\erl as a pnlishin;; step 

C ij.iltsKis ail iisLil uheii iiil\ walei iiia> contain liei nil anil ml 111 a \\eakl> 
t iiiLilsilu il stale* e\ai]i|ilis .tie taiikei ballast anri ml lielil hiines I here aic a 
\alien ol iksi^ns* laiif’iiiK limn snii|ile, hallled \essels \shLie loalesieiue is 
iiulnietl In eilrh luiieiits, in lalhei sophisliialeil rlcviies using nienibianes 
IS hull \mII allms walLi rn jiass ilirmigh hul lejeci ml 


WATER-IN-OIL EMULSIONS 

WalLi in ml eiiiulsimis aie \isimis, iniii entialeil suhstaines IdiiiumI when ml 
mines iiiio miii.ut with wairi and snlirls Metal paiMiles and olhei snliils ma\ be 
m.iterl wilh sniJailanis in sinh a iiiannei lhal the\ aie ineJeientialh welted b\ 
ilu ml lathei lhaii llie waici (I'lgiiie M 7) In iiiLiinisianies where agilaMiin is 
piisenl, ihe waiei heimnes ilispeised 111 the ml as a line eniulsinn, ainl lliese 
small water ditiplels logelher with the ml-inaied snliils maiiitaiii the siahilin id 
I he eniulsinn Mans i\pes id walei-iii-oil or waste ml eniulsiniis are lounil lable 
1 1 ilassdieil siiine nl the irime mniiiimi waste mis •iiimdiiig in then relative 
ud, waiei iUid sidids mnieiil 


TABLE 11.3 CiBUlfICBtlon of WbbIb OIIb 



I'm ml 

I'liLeiil 

l*Li 1 eiit 


Oil 

Ualei 

Solirls 

Reliniiig —11 iidt 

*)() M j 

"» 10 

0 5 

M.iiInning —1 iiiiiiig, gi iiuling 

oil HO 

20- 

0-20 

Waste ricalineni sludges 

10-»>0 

10 50 

5 10 

Sietl mills —lolling nils 

HO-M") 

5-20 

0-1 


W/0 EmulAlon SlBbillzers 

Amring Liiirimmil) mini ting subsianies that prmnolc m stabilize W/() emul¬ 
sions aie snaps* siiHiinaled nils, asphaltii lesidues, waxes, sail, finely divided 
Hike, sulfides, and meiLaplaiis hiiieh tlivided solids vaivmg in si/e Iroin col¬ 
loidal In 1(H) muriins and laiger, arc parlnulails eflective 111 slabili/ing these 
emulsions 
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[hf piesenie of hvdiophobic ami InrliophiliL lollnicldl solids at the oil/wdiei 
miLifaic mav result in the laigri pailiiles ag)>ie)vaiinf; .iioiiiul tin dispeiseil 
dioplets I hi* piesenie ol ihcsi* large paitii Irs iliioiighoiil llie Lontiiuiniis phase 
tends to lorni a lornplex niatiix loiisisling nl solids, oil-in-^ater, and watei-in-oil 
niiLilsions existing snnulianeouslv as a siahli inixtiiii in wfiiih ciihii oil oi nalei 
iiiai i>e I he loiiLinuoiis plhise 

Brooking Water-in-OII Emulaiona 

WattM-in-oil emulsions tan Ik' biokin In ilieiniial ni pinsiial iiuihods, imliid 
mg healing, lenliihigalion, and saiunni piiioal liliialioii ( i niiiliig.ilioii 
bleaks oil emulsions by sepaiatnig the. oil and walei phases uiidii I lit inlliunii 
of icnlidugalloiie (1 iguie 11 8) FilliationnI i\asie oil emulsions i an lx aiioni- 
plished thiougli high lalc sand lillits |MRI ) ot ilialomaiLnus laiili (1)1 ) liluis 
(Figure II 1 he o|iciaiion ol ihesi pieces ol i iniipmenl imisi lx laiilullv 
Lontiolled lo pnniile the highest i|ualii\ nl iipgiadid oil 

( heiiiiial ti cainu iil ol .i wasli oil liiuiIsioii is do l He d lowat rl dt siahili/nig tin 
dis|Kisc*tl rsatei dioplelsand solids oi dt sinning iinnlsilMiig agi ills Xiidiliia- 
lion mas hi elh itise m hieaking W/() i miilsioiis il ilietiiiil riissolsi s sniiu ol llii 
solid inaleiials and thus lediicis sin lac l U iision 

1 he neut*si method m\ol\c*s ttcaliiifiil ol a \\/() imiilsioii isitli .i fli iiiolsils 
ing agent containing hoth li\thoplioho and liMlinplulii gmiips ili ii is .dili ii> 
loim a ssatei vn ttahle iidsoiption loiiiplcx 1 he meiliaiiisiii ol VV () ciiiulsioii 
biiaking can lx Ixst explained In visuali/iiig llu displiiimcni o( the ongiiial 
c miilsilsiiig agent liom ilii iiiiiilacc b\ a iimmc siiilaiL arlivi di inulsds iiig 
nialiiial I Ins pun css i .oi bi iiihaiicLd 1)\ IuiUiiil; lo 11 dm i \isiosii\ .oirl in 
4 tease llu soluixlils anil lalL nl ddlLision id the umilsilMiig aguii in llu oil 
phase Riiausc watci di oplc Is in oil ic ml to lx posilni l\ iliaigitl llu sc Uptsol 
Liimisions aic ls|iii ills licalcrl wiili in imoiiu (ncgainc i li ii gc) oi gaiiii i mul 
Sion hicakii Somiliiiusa i omliiiialioii ol ami aiirl oig.inu dtiiudsilving age nl 
pi mules llu hi si lesnlls 

In all eases tin ire.iliiuiii it age ills ihiim ht rlii»uingldv rtnxi rl inin llu \N O 
eiiiLilsion In pnnide iiiiimale loiiiaei wilh llu iiiuilsilud vn.iIi i dinplets lli.ii 
mg llu eiinilsioii lo 120 ISO } nlicn pniiliieis i.ipid sep.iialion \rltc|uai( st I 
lling liiiic iiiusi lx allowtrl in fiiosidi loi npliiiiniii iisnliiluni ol llu oil w.ilei 
and solids phases (ligiin J1 10) 



Figure 11,8 llu .i|jpliialion ol .i niuiiliige in ik.iIiiuiU i>| w.isii ml 
(slop ml) 111 ,1 11 liners (1 rmr/ru n/ Hitfi V/rir/i/rrr ( umjmn^ ) 




Figure 11 9 Ih nmn m rlu^ < il ilu piissim U il lUsi^ii iisi [| Im in iiiiiL^ 

Liniilsiuiis 111 ml III 1(1 lliimlin^ ( Hftt \ j ! I llu/if f r ni///f ntn^ ( ) 


INDUSTRIAL SOURCES OF EMULSIONS AND 
TREATMENT PRACTICES 

\ii inrliisiiiil i(li\il\ llitil iii|uii(s ihi list (»1 pirMtss oils mil u.iK i iii(i\ hi 
siis(L|iiihU In (iiiiilsioii liiimiiKin ii m\ poiiil m i\s s^sUm Ilu ihiit rii.ijni 
iiiiliisliiis |ii luliK iiiii oih >\ isii 111 pi IIoil Mill itlijiiiii* iniifils in miiKuluiiiiji> 
mil iii.ii liiimur ,nirl loml pioiissin^ 



Figure llaio hit lklll^ t \\ ISU <>il tiniilsKin with iIuiiiiihI I miilsimi 
hu iki 1 sliiiwiii^ ilii illiM ill nun lIhiiik il iliisaj^i iiii max 11111/111)1 

ml 11 M»\ I 1 \ 111(1 sitlids SI p II ilimi 
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Hydrocarbon Procaaalng Induatry 

Pell oleum lefiniiig opeialions geneiate btHh O/W ami W/() emulsions, piesent 
in diamage watci, spills, sc'paialoi skimniings, lank boltiims, and \aiioiis oil 
leiosen iraps 

In the |)eiiiMliemiLal mdiistiv (lueiiih waters geneiated in etlivlene and otlici 
olefin manulaituiing opeiaiioiis ina> cmitain inixriiies ol heav^, middle anil 
light hsilioiaibons 

In ilie piiKessing id iiiidi oil, ilesaltiiig is nseil iiiiiialK lu iemo\r lomosim 
sails (allied b\ the oil In desalting, walei is mixed with (iiide oil in wash il liir 
ol these sails 1 Ins toinis a walei-iii-oil emiilsioii lhai is resoUed in .111 eleiiio- 
sialic desue, iisiialb .issisieil h> denitilsil\mg Llieiiiiials I 1 er|iiLMUl\, hnwevei, 
not all (d iliL emulsion is itsoKed, and tin lesidut nuisi hi sepaialtil lot liii- 
iher tiealiiieiil Olien this emiilsinii is duiiipeil into an oilv sewei along willi 
()/\V and \\70 einulsioiis (oiineil 111 iiurh li ar lioiitilioii, lliennal 11.11 king 
laialvUi (lacking, h\di im raiking, anri oiliei pi01 esses Ml ol ihese einulsioiis 
Loiitaiii too miRli wall I lo |usiil> piocessiiig, so ilir\ an usiialK dumped mio 
an oiK sewei sssiein 

In the oils sewei, these emulsions aie siahili/ed Oil spills linm pi01 ess and 
genetal oil inmdf .11 c sent lo this sewi 1 along with oiK waslewalei, stoini w.irti 
dill and debus I hese (oniponenls aie inixeil hv pumps .mil How 1 in link 1111 in 
the sewei lo loim additional emulsions 01 to luillui siahili/i iliosi .ilii.id\ 
fotiiied The oils making up iht'se einulsioiis ait Ivpiiallv mixtuiLs ol light and 
heav\ h\di<Kaihons 

[he oils wdstewaleis (ollLiled fiom vatious points iliioiiglioui tht plaiil .iii 
delixeied m a sewage sssleiii loan \P 1 sep.iialoi 1 he skmmniigs hoiii llu MM 
sepiiiatoi wliiih an iisualK good oil willi low Ustds ol solids and w.ilii pn si nl 
nia\ he sciil hac k lo ihe desallc*! ni ihecnkei llu iiiiiUillow I10111 ilii stp.iiaioi 
goes on to dissohcd an Motalion units (DM ) llu imrleillow (ilie xuiu 1) tioiii 
the 1 ) VP mill nia\ How lo .i hio-oxidation jmiiiiI and llu n lo a (lai iIu i In Ion llu 
uaiei IS iiliiiiiaieh siiii to a imi 01 siwii s\slim (I igiiit 11 11 ) 1 mulsilMiig 
ageiils an. not usualh loLind 111 llust 0 /V\ Linulsions 

Waslt oil ti Lai HR nl 111 1 Lhnei us fiia\ hi Loiin t iii d with Iwd iIiIIi i i til iv j>i s id 
sludges Ol einulsioiis skimmiiigs li0111 tin AIM sL]jaialoi .mrl ihi DM iimlsan 
t\pj(all\ still loan oilv sliidgt huUljiig lank llu stionri ivpi id wasu oil i mol 
Sion m a refiners, le.ikagi Itom pioitssis, is idlin lolkciirl iii \aiioiis ispis ol 
traps and drams iliniughout llu plant I Ins oil rna\ hi of high 1 iiougli (|iialil\ 
ihal U (an lx* hkiirk^l with 11 ude lei iIsIin k and n liitiii il lo a pi on ss disaltei 01 
thetukei iimt 

A loniinon nicasiiie ol ml ijualiU is ihe peiniil hoiiorii seiliiiu iil ami waLii 
(bS&W) (( Hide feed lo a desallei l>pi(allv has no gieaici liiaii "dr HSl<\V ) II 
tin letlamied oil qiialils is loo pool lot usi as [lLs.illei letil hltml, llu iimilsioii 
mas 1 m' sioied m a sepaiale i onidiiiei or mas hi mixed sMlh ilie VIM riiiil DAP 
skimniings I hesi* tanks is pii alls hase healing and 1 ei in iilalion 01 mhei isjii (d 
mixing Ldpabilities (Jiten. the lugilise waste oil emuKioiis i.m lu sipaiateil 
solely b\ heal and a (|Uies((iil sellhiig penod Ihe AIM aiul DVI skimnimgs 
tspualls do nol icspond to iliis treatment, lecpinmg ihe arlilition (d a iliemiial 
W/I) emulsirin hieakei In eilln-i case, emulsion hirakeis lan ht used lo elleil a 
nuiie rapid, complete se|>aiali(>ii of the nil, waiir and solids phases Irealnunl 
with ail oigdiiii emulsion hieaket iiividves feeding the iheiiiiial lo the hue while 
the iieaiment lank is Ixmg filleil I his is foHoweil hs a qiiiesienl period langiiig 
from one to sever .1] dass I he sepaiated laveis can then be diaiiied I lie srdids 
which ate not oil-wct can he liucked to landfill Ihe water, wlnih ma> lonlaiii 
resitludl cmulsdied oil, is letyrled hack tri llir head of the oily waslewaiei lieal- 
riienl sysiem and the recovered oil may Ik* used an 01 ding In mdiiirliial plan! 
needs 






Basic Metals Industry 

()il> \\ islL s IK 1 it( il 111 su 1 1 nulls nil liiih biilli i iiiiilsilii il tiinl nnn i iikiIsiIk cl 
(11 Dlls OiK WcisUs limn luii iiilliiii> nulls imii iin piinidiiK lul)iii.iinif> 

mil hxili.nilii |iiLssijjL lluiils Waslis Jifiiii cold sliip DjHJtilions innliUn lolling 
Dlls ill II w (11 iisi (1 lo liihi 11 all I 111 sii 1 1 shell anil 11 iliii i i usl Oil in w.ili i i iiiul 
sujiis .III s|)i i\L(l Dll ilu nil ltd duiiin* lollinii lo .ii l as i nolanis 

Wish \v III I s li Dill llii SI |)1.nils l\pic ill\ liaM i widi \.niii\ ol i Diil.ninn.inls 
ind ihi dI>|ilm\is id iit iiiiii nt iniliidi ninmal ol mil diiK oil hni also solids 
and 11 U ltd lint s In .i i\pii.d sli 1 1 mill wash lie .iiiiu nt silii iiu (Iil;iiii 11 IJ) llii 
pl.inl wash w.Ill 1 iniiisaii i i|iiali/.ilion lank wlit it llii ilLtiniioii imu is a lew 
lioiiis 1 III wihi die II How s lo rin an (loialion iiiiii whin ii iii.i\ Im lu.iitilwnh 
oi^.inu Ol nlll 1 ^anll roa^idaiils 1 hi skiininiii^s liinii Mil fhiialion unii ma\ hi 
pumpi d to a sioi j^i t ink loi hiiili tii unit in with wash ml Liinilsion hiiakiis 
Ilu imiUilliiw lioni Mil lliilation unit iisiialh passes to tiniliLi tiiaiiiuni in is 
111 Mild 

Wash oil II Latnu III 111 tin pinn.iis ini lal iniliisli\ is iisii.ilU iiioit i iiinpluaii cl 
ihiin in a i(lin(i\ ( In nm il l iiiidsion In taking ti i iinitnt pioi'ianis idien le 
(|uni till addiliiin ol and lo dissohc iiuial lines In haiili lie atiiig the st i iiiid- 
sioiis 11 is mipoilaiil dial the elicniiial he thotoiighK inivcrl inin the iiiudsinn 
and that hi.ii In applii^d thioiiglioiil the liealiiiLiil .mil si iiliiig siagt's Mum 
die SI tiling pc 1 lod dll solids and w all I la\ 11 s i an In dispose el ol m tin s mu w.i\ 
that iilnuM i.ig la\Lis au h.nidleil 1 In oil la\ii is hiirh i|iiahl\ and m.n be 
siiiuble loi iisi as a biiilii liiil bit nil oi nun In sold lo a ii ilIihli di oil ii 
elaiini i 

Automotive and Machining Induetrles 

MiMalwinking and met.d pails mamilaeliinng plants geneiau wash stiearns 
lontaiiimg iLibiicatmg and cutting oils lapping iiid rlibiiinng lompounds, 
giiiKling and odier speii.ill\ Hinds 
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FIgura 11.12 I\ |I 1 I ll ml 1 11 r»M ■ \ i>iK n isl< lii Utiu m |»l mi m I sli I I mill 


1 liL wasUWdilii in 1,111 (I in ihisi plains loniaiiis ,1 wiili \.imlI\ dI diIs .mil 
sLii lait.uils, sii mas 1 ti|iiiu i (iiiiplii.ili rl Uiainu iil 1 In w,isim\ iiti hum si Mill 
iliflMinl ii|jtijiiinis nllLii .hums .n ilii iii.ilmiiil plain in sip.nan sin mis m 
iri.n hi hltiifli d in tin slsmi sssitni (I i^nii 11 1 \ll u.isu s fluw in iii i i|ii ili/a 
Hull lank and dun llii sc vi i,tl i lu inn al Ici rl ,ind iiii\ Links ))i loi luciiii i iiil* 
a fluiaLinii unil 1 lu lluLniun skiiiiiniii^s an tiilkuiil m siui.ii;i Links ,uiil llii 
iindi iMiiw ll um (In. an lluiaiiuii nun iii,i\ ilun p.iss lu fiii.d ii i .nine in ui 11 i \ i li 


HDid iq *onh 

Cor^ugaled I i?l 0 0’*0 qji) 
plate jeparatcr 


Oi'y 

■9 

woble 



hD d rq Innk 

> bU01 qol euch) | 


l I/rd n r 
111 *u on 


r 


/bcurr 
Dll ur 
okimmirq 


Skim oil 

K) COOkP'^ 


\ 


J 

66'66 

Cookers 

(?000 qal ench) 


Clontier 



Nputrolizolion 

ionk 


Rgure 11.13 XuiniiiuiiM uasli liLaliiuin Ihm slim ivpii.il ul 111^1111 aiirl 111.11 hiiu rl 
[1.11 Is ll[M f fllKllI 





I he Hotarinn skiinniiiif^s lan be pumped rr> lead-hiierJ cooking tanks wlioie 
the\ are tuMlcd with and, an organic waste oil emulsion breaker and a high 
iiiolecLilai weight prilvmei for oil iciovei) I he tag la>er from this liealment is 
sold to an oil scascngei and ihi good, lecoveiedoil niav he huriied as hoilei fuel 
oi leusid 111 \aiiinis plant ]notessc‘s 

Meal and Food Procesalng 

KeiirUiing plants, iteanieiies, bakeries. hiewc‘iies, and lainunes genet ate ctmil- 
sioiis Loiit.iining natuial bits and oils from animal piocessmg and oils linm pack¬ 
ing and inntainei maniilai tine Koih of these opeiatiiiiis oiciii on iIil same 
pic inises, .mil ilii w.iste siicams ma\ In mixed 

Taxtllas 

V\ash w all I s li nm i oittm <uid wool maiiulai luiiiig plants i on tain oils aiirl git .iscs 
lioni thi sc mil mg, dc sizing and hnishing opei.ilions Oih wastewatn in the 
sMillutii Iduis mdiisfix is jiiodiicid dining fk'si/ing and sioining finishing 
oils an used to uihiii liuiion .uul snagging oi fdiLis on spinning inaLhnies 
I In SI l^pLs ol oils iiiav also hi assoclaiid with niai hiiic Inhiicatiiig oils iii the 
|jl.ini oiK w .isii ale i 

MiacellaneoUB Induslries 

Mam ollici mihisli ic s ha\ i pi in c ssi s whn h iiiiO gc in i ale oil oi rnh wasli‘WritL*t 
sill li as p.Jinis sill laic lo.iliiigs and .iilhc sixes oils lals and vx.ims soa^is .iiul 
diuigcnis (IxL s .mrl inks and llii Uallici indiistix Ml liaxi poltnlial c niidsioii 
piohhins dial i.iii In soixed lix mu oi nioic iiiiiilsinii hiiakmg it c hmi|iic s 




Chapter 12 

Ion Exchange 


li»n L'\( I tMiinvc s ull^^aiiiLfi ions li mil a law waiLi l)\ liaiisiniiiij^ llu in in 

a in.iU'ii.il, i.ilircl an inn (.\i liaii^ri, wliiili aiicplN iIiliii whilr ^mng hack 

.111 ii|iii\,iU'nl iiuiiiIm I nl a rlcsnahlt' siirciCK sIoilmI nil iln inn r\i liainrL'i skiJc- 
inn Mu mil t M lian^i 1 has a liinili il i a|MMl\ fni sini a^r nl inns nii ils skL'lL'lnii, 
I .till il iis 1 XI li. 111^1 cap.nils, hiMaiisr nl iliis. ihi inn rxili.in^ri ('\CMiiualh he- 
Minus StiiLiraiiil wiili iinwanlc'il inns II is llirii waslu'il willi .i siinii^ ii‘^rncial- 
ini> snhilinn innlainin^ llu‘ lU'siiahlr sjumu's nl inns, and llii'sr ihi'ii ii'plaie tlit* 
ill LiiiiiLilaii'd iinilcsii aiik inns, iLluinin^ llir ixiliaii^i iii.iuii.il in a iisahir inn- 
ililinii 1 Ins npri alinn is ,i i m In i lu iiiu.il pi ni rss. anil lln i ninph'lL cm It* iisualh 
iiuliidcs hai kwasliini*. i c^c iii’i.tlinii, iinsing. .ind sl'imll 

Mu* t*.iilii*sl inn cxihan^Lis win inni^.inii sniliiiiii .iliiiiiinnsilii alt's, sciiiil nl 
wliiili WL'ii nianiil.lirill nl s>nllinicalK anil ntliris iiiaiU' hv prnirssin^ naliiial 
^U'nlsanll, winch is a niiimal lallc'd /I'nlili', inin inoic' siahk*, hi^lu'i iapaMl\ 
Iniiiis I M'li ihnii^li tlirsc'/I'cililL's nnw ha\L nnl\ liniiU'd iisc'Im w.ilti iiI'.iliin nt. 
llic ii.inii^ has pnsistrd, anil cm'ii smiiIiimii m^anic inn rxihan^l'is aii' nllni 
calk'd /I'niilc's 

lilt' inn I'XL lianirn s list'd ni walc'i i nniliUnniii^ aii' ski'li'lnii-likt' suiicluic's 
li,iMiif> mam inn rxilian^c' siic's, as shnwii in liguir ll* I Mu' insnluhk' plasm 
skt'k'inii IS an c^iicn mniish iai^t inn that is L'lc'ctiicallv ch.ii^nl In liiild inns ni 
np|)nsjic' ihai^c f^xchan^ns willi iii'gali\c*h-i h.it^nl siU's aiC' lalinii c'xc bankets 
Ivianst' llu'^ take' up piisimeU ihaigi'd inns Aninii rxthaii^c'i s ha\L' pnsilnt?1> 
ihai^t'd silc's and, lonseciimiih, lake* up lll'^all^c' inns Mic' plasm stiniluie is 
|Miiiius and ])t'i nit'ahk', sn llu* c'litirt- inn c-xchaii^t* pailiik' pailiiipalt's m llu* 
|n mess 
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lhll^Lll ivilian^i siu s nii ilii skililun lii»liliiii; siifliiiin idiis hki 

/{I l|M S 111! I Mill 

EXCHANGER CAPACITY 

i\rlijii)r(is .iT( 111 iIh liiiiii III liL.ifls Ii.imiil’ lIIi jppiiiMiii lU si/i nl 
20-Kl nush (II h-l) 4 rum) ,ts illusii ilt rl h\ li^uii IJJ I lu i ht inisl i \pi f ssi s 
ihf snin^lh of d iluiiiuiil siilijiiiiii in liiinsril iiui iikiIi1\ .i I I) mniiiil snliiiniii 
I DiilJins mu .iiTi I (pin,ilt III vvM^lil nl t li [ 11 iilvli iiialiUi iil sdIuiiiiii Imii\ 
(liciii^c lUiirls c«iii ht (oiiskUimI «is solirl sriliilioris llii l\pii il (iilioii ixlIiiIii^ii 



Figure 12.2 l\pi(.il iiiininiiUiil is rin nl iwn luiiil siKUliiiis ^ilnpi (kll) 

and in.ii iiipniniis i\pi (iif^hi) lliisi an iiia^nifii aliiins 
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lirts >1 iKjiiiidlitv t)l .i|i]iiuxiniaU*lY 2 0 anil the. tv^nial stion^ hast aiiioii rx- 
ihan^ii a luiiiiialitv nt appinximalcK I 1 C .ipaiilv is alsn Lxpiesst-il as milJi- 
ii|iii\ahtils ptt iiiilliliu I (inti^/fiil) ivliiili IS tilt saint as niHinalii>, iinllii ijtiisa 
Icnis }K I cli> |;iaiii (nui|/|r) anil kilnf^iams ])ti luhit tixit (kf^i/iii li) 

111 tliL tails liistoi\ nf /ciiliK snlitniiig it was i imiinriii tu expi i ss uatti haul 
iiL'ss 111 plains pti ^allfiii (^p^) (1 (^PK ~ 17 1 iii|^/l) Knaust nt this iiiniiiifin 
iisaf^L iht tafiaiils ni /tnlilcs was lalirl in kilograms txihaiifrt lapaiils pii cubit 
liMil III /t iiliu , an iiiiliiiuiiiaic U luiiihti soiiit liMin Iht lailni Ini tniist isioii ol 
iLsiii 111)1 inalils In kiln];;i aiiis pet iiihii liiiii (k^i/iii fl) is ippi nxiiiiali Is 22 so 
ihn .i(.ilinii ixih.miJii uiili a t ipaciis nl JO iii(i|/nil has an c\(hani;t lapatits 
III .ippinxiinalcls 14 kiii/iii It 

Must I riinini 1 1 lal inn t SI h iiif'i is ai t ssntlHiii plasiii inaltiials siii h as tnpols 
lilt 1 s nl st\It IK iiifl (In ins I In n/f nt (1 iiiiiie 12 1) Mint is a fnn Inland In 
iw LLII pi nil IK nil* a Iniist Is 11 nss linktrl pnlv ini i iliai li.is Im ai d ss in wait i lot 


11) Ba L monomorj 


Slyi me 
IV nylbpnzcne) 
IVP) 


LH, CHp 


tHz CHj 


Divinylbrniene fl 
IDVB) ^ 


CH; CHz 


i’’ Polymi zal on ol Slyrene Id polyslyrene 


CHz-CHj-CHz CHz CHz-CHz-CHz-CHz- 

i'^'l l!^] fb 0 


15) CopDlymenZQlion ol slyrene ond divmylbeniene showing Ihe role ol Ihe DVB in 
cross I nking Ihe polyslyrene choms 

CHj, (H,- CH, —CH,- CH, -CHz-tHp-CHj -CHz-CH, —CHg - CHz- 

0 0 0 0 ^ 0 


CHz 

\ -CH,-CH,- 
CHz 

\ 

CH, 

6 ^ 


CHz—CHz-CHz-CHj- 
Z-CHz-CHj-CHz-CHz -CHz-CHz-CHz 


0 


c!) ■ ' 6 

“CHg" 

0 6 


-CHz -CHz -CHz-CHz-CHz-CHz- 


\ 

J!: 

6 ' 


\ 

CHz 


-CHz-CHz- 


\ 
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lapicl icjLlion bill is diiJv sli^hlls siilubJr. aiirl a Ughlh 11 iiss-liiiknl ii'siii, which 
would hi' insoluble, but mine dilbcull to use briause of irsiiiiled idles of e\- 
ihdiige both in exhdustion .ind legeiieialion Waiei lieaimeni inn e\(hangcis 
aie essentialU insnliible and laii be expected to last fni 5-10 \eais 

Jr> piodiue lation exc han^ei s. the plastic is iiMiied with siilliiiii tie id sulloiiii 
pinups alt.iihing to iMih nuLleiis in the skeltMon to pinvide an exch.iiige site* 
this pioiluces a siiniig I'lectinhie, Joi uhiih a t\pii.il ilmlUoii with i.itions in 
waiei IS shown below 


Sa‘ 4 R SO, H ♦ R SO. \a + IT (1) 

In this icpiaiion the lesin siiiuline is lepic'scMiled b\ R 1 he usual ion\iiUinn 
oiniLs showing the aciiM* giiuip ( SO, M) ami sinipb uses ihc loial L\(hanL>ii 
inolei ule, w Inc li ina\ bi showii as / |Na^/ tiniii lla liisiin iial iis.igi of llu woiil 

‘/eolilL ) oi \. wJiiili IS list rl III tills it\i Jill lilt lalion LXihaiigti Ihc .iboM 

ei|iiaLion is, then, inoit usiialb wiiitcn 

L>\a 4 H \ ^ \a \ 1 .Ml fj) 

tin \ 111 nig lonsich led a dixali 111 latioii LXi haiii>L iinil In this i x inijili soilinin 
ions in W.1U1 .111 being c\i hangi d loi h\di ogi n ions on llu txihaiign a com 
nirin exchangL leaclion 1 his is known as hxdiogcn t \ i le oju i aiinii ( )n dc pli 
non of the lixdiogin inn iiiMiitoix ol llu LXiliangi ilsiii. lallid c xh.uisiiiMi ilii 
evchaiigti is ugtmiaud In an acid wash 

LMU 1 4 \a II \ 4 ‘JNaf 1 i^) 

OlItli Lxaniph s nl i anon c Xi hangi imliuh ilu lollownig I lai dm ss 1 1 inoxal 
with \a-loiin ixtiiangei \a.\ 

(a ^ Na \ —♦ ( a\ J\a (I) 

I his IS ktioxxn .IS sridiLiin exile o|)eiaiinn 
li on u inox al x\ iih \a \ 


It t \a \ -r J\a ('i) 

Niikcl ucoxcix lioin ))laling xx.isic hx M \ 

Ni + IIA - \i\ « Jll III) 


V moil le.ilistii I x.iinpli whiih illiistiaUs an inn ixfliangti |jiii|uiix lalhil 
selei tixitx IS hxdi ngen I xc li (11 Joi in i xi haiigi ) pioi t ssing ol a lx pii .d wall i c on- 
Laiiiing a xaiit lx ol ions 


( a" 


( a\ 

Mg * 


Mg\ 

Ft 

4 FIA^ 

Fe\ 

2Na* 


\aA 

2\H4 


^ (Ml,).\ 


11 tins ion c'xihiinge pi mess (unriniies lo exhaiisiion, (In hist ions lo appeal in 
the eHliieni will he Nil/ and \a^ and il the exh.iusieil he'd is ihen analx/ed, 
ihe dish ihiiiion ol ions would be as slniwii h\ liguie 112 4 1 his is due to .i se¬ 

lei tivitv or pieJeience of the idlion exchanget ten ceitaiii ions oxei others \ 
ivpieal scdectiviiy list is shown in Fable 12 I 

1 he Olden of selectivily shown applie^s lo ions in Ivpieal watei ol less than 1000 
nig/1 JDS Ihe selectivity is rlifleneiil at high eoncentialimis lot e‘X4iinple, in 
the soclium eyclc, the exch.iiigei has a pielereiiie lot (.a^^ oxei at 1000 



Ion EnHinngo 12-5 


07. 1007. 



New 
resin- 
H form 


At After 

eihouslion bachwash 


After After 

regeneration rinsing 

Mith acid 


At 

exhaustion 


Figure 12.4 ( ti.uiiii m nniii ilisli itHiiinii rliii ll|^ ijudii [ m |i,iiil;i II i m k. with iIduii 

\\ .11 it III iw III w.iii I .111(1 ,11 III u ni 111 11 111 I (1*1 IK I all!Ill) 


iiiir/1. hut .It lOUJinil iiiji/l Its |iirlririuL' is fui (sL‘r himiii* 12. .'i) 

I Ins IS 1(11 tiiiiciiL', .IS It (Mih.iinrs (hr rflninii\ nl ic^encialiDii willi hiiiii' 
KiiuiiiiiiL' In iln LA.niiiii.iiinii nl ihr ii.iiuii of i.iiion i‘\( li.uiKns, xhviv jil' 

si'MM.il iii.ili Ii.ils 111 .ifliliiinn in llir stviriu-hasi (1 in.ilLihil ol [i)1iiiik‘Ii i.il iin- 
IKui.iiiit Out IS piorrssrd i;i ri iisaiiil -iln* oiii*in.Ll /rulilr—wliiih is slill 
list rl illr(ii\il\ Ini K’liiin.il nl non .iiicl iii.niL;.iiu'si’ It i.m n|)eiait niil\ in ihr 
snilniin imIi n\ri .i linnlrrl pll iaiiL*i* XnniluM, iil iniiiMsiii)^ niipnilainc, is ,i 

II sin liaMii^ llir i.iihnwl ^iniip (—( OOll, with ihr h\ilinu;L‘n inn c\ili.in^u- 
.ilik ) as ilu’ i\( lMin;r siii* I Ins is lallt^il a ui.ik L.iiinn i‘\( hanu;ri, ilisi ussi'il latui 


TABLE 12 1 General Order of Ion Selectivity 
in Water below 10DD mg/I TD5 


( aliniis 

Xniniis 
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1 il)i 
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SI), 

I'h ' 
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lki^“ 
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Si * 

( \s 

( il ■ 

1 \C) 
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( 11 
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Il *- 

hi 

Mil ‘ 

( 1 

( .1 

1 N 

Mu ^ 

111 1) 

k" 

IlSil), 

Mil 

on 

N.r 

1 

11 


11 



' Must iii,i\ Ih (Iis|}|.u(iI ,is i\\v\ .iit* |ii()iiiii.ii('(l .il low pH in IKil)^ , 1 IS()| , 
II.IM), 

\niis ( liaiifTL's 111 pnsiUnii iiia\ luiiii Ikmimth pindniis iil ilithu'iii iiiaiuil.uliiir f)i 
li.iMii)* sll^llll\ rlillri nil ski li'iniis 111 I’xdiaiif*! pinups In ^nii i .il silriiixiM js .illn li’d h\ 
(r/) IniiH .'f 2 > 1 

(/i) XlnniiL iiiiiiilin Ua - Si ( a ' in (•itiup 11 \ 

(r) M\rliaU'(i mini ladiiis ihc 1.11^1-1 ilie ladiiis. iludnun (In* srlmi\it\ and t■*Mhan^L 
(ap.KiU 
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Pfopor^iun if Na”* n wQ‘fr 


Rgure 12.5 \.i (d cf|uilihiu lui a sulluiin lud uiiir>n 

eM tun^t ii'siii (( tftirhw u/ Hitfim yJ Ufui\ } 

in ii i DUSK li 1.11 inn nl Ji\ ili n^i n t \i li.ini>i npi i 1 1 inns 1 Ins in iK 11 i( is Ini^filx si 
IriiiXL Ini II anri liiv.iliiil uiliDiis uilh iin sii'inlif ml .iliilifx m i \i li.niL;i \ i 
\ ihiid niciUnial is a mil smiiIkik /inliu IriliiinniDsilii all ) lli.ii lan Ik lailniiil 
loi spi'cilii .ipplii aliniis (1 ^ aniiiKMii.i 11 iiin\ al) anil Im ai Ism jjin »n nl s|k(iIii 
tiinli I till s (riinlt i iilai sums) 

ANION EXCHANGERS 

\iiiiiii I \( h.iiii^c I s max Ik pr mJiu 4 d finiii .i xaj ii lx n/ 11 siiinns ni pLisiir ski /t 
Inns nil I mi III i> liu sami sixi 1 ni ilixnixl Ik ii/i iu i npnh iih r ,is is nst il Ini i .ilinn 
iMhan^fis Vs with i.iliiiii < vi li.ini;! 1 s Ixxn xaiuliis an iisi rl 1 nni 

iiiriuallx xMMk h.isi .mil stinii); hast r\i 1 i.iiil;i 1 s 1 lu limriinn.il L;nKi|i nl .111 
.iiiinn 1 \i Jiaii|L>i I is an aiiniii lIu ni^.iim i ijmx.ili nl nl nninnina Wi.ik liasi 
i\iliani;iis i niitam a sirniirlaix ni liili.iiv .iimni L^mnp KK'-MI m 
RR'—\—R' vxliiih i.m ailsni li sliniii; amis SMnrii;l»asi 4 \i liaii);i is i nnl.nii .1 
qiiaiK1 nai\ iimiiu. R K K' R N* (I xxhiili 1.111 ixihan^i amnns 1 lu 
ninsi inmninn f|ii.iiu 1 naix irsiii has tiu Ininml.i —K N(( II ) (1 ni 
sii III iiiiallx 


6 

I 

(( Mj—y—((II), 

(( 111) (1 


VVfak-bast aiiinn rviharif'eis aif ahit* in rcMimxc* nnlx siinn^ iiiiiiiMal at ids- 
IK I, ll^SO,, UNO,— xMlIi ptaitii.illx no i^Mlian^t* i.ipaiilx Ini weak amis— 
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suth as C SiO^, and nt^aiiiL aiids I lit lypital icaciuin is shcmii as an adsorp¬ 
tion, rather than ion exihan^t process 

HCI + A —A HCI (H) 

(In this text, the IrtlLi A i ipii st iits an anii^n i m haii^ei ) 1 ht Lxhaiisleil rc siii is 
veiv cIliiiLiUh I(fri iiciaterl uiili an\ alkali \shich siiiipl\ iieiinali/LS iht ail- 
soihid auil and iikasis il as a iiciitial salt 

Siion^-hasi t\lllall^(ls ait liiii loii tvchatiGrt initLiials Sr v till 
anions aie 

Dealkali/atioii with C. 1 lot in t\ihrinf;ti A( l_ 

2HC (), + \il^ \fHC (),) + 2( I (i)) 

SiillaU iiiriinal with ( 1 hiiin ixthan^ii 

SO, + M I — ASO, + 2( I (10) 

1 hi most Loniinoii iisr Im siii>n|F li^st txiliiii^tis is loiiipkti iiiioii it 
iiirn jl 11 orn Indio^ui i\i]iaii){i I rlilutni lopioiliiu rk iiiiiii laliyr rl w atL i 

H SO, \ SO, 

JH(I A (I 

i MOlI) — -h Jll 0 (i 1) 

2\\ C O \ (JU O 1 

Jll Sio \ (jisio ) 

J Ills L \i li iiii>i 1 1 SHI IS 11 i>i IK I lit il with \ lOM In this Ini 111 llu i \i h in^i i ( an 
ilso cniiMii IK nil li sills In i iiisiii known is sail sphtlni^ 

2\a( I + \(OII) - \CI » 2NaOH (IJ) 

1 111 sflirtiMtN (il tliL inioii ixihiii^M ilso sliown in l.ihlt IJ 1 iiiilii.itis 
llial siliia will Ji ik ihMiin;li iJit fii d in si iiul iIil i\Ji iiisit iI htil will Ikial tJit 
i riiiiprisiiftiii s/itiwii In li^iiir JJft 

PRACTICAL ION EXCHANGE 

In lilt toiiinnifi.il ipphialion ul ion c \than^t lowalti licainuni tliiic .iii loui 
iinpoilaiil piiiiiiph s 

I Mosi ion LMh.in^t iniiis iit siniplt aisslIs toniainin)' a bid oJ ion t\- 
ihan^L It sill opt I IK d iIowiiHoaa on a isclii basis a iiiiil is opt iall d lo a pi r 
ill Ic 1 niiiu il k aka^t IiaiI wluit it is lonsidt i id it) 1 h txliaiisliil (/jj iht iinil is 
till 11 It |iuu i.iti il hist In iiplltm tkaniiiiT (baikAsasb) and thin bs tliiiniial 
ihilioii iloAMillow (r) iht ttsiii bt tl is thin iiiisttl tlimnfloAv lUinist both 
w.iUr .mil 1 iji'c iKiaiii IIoa\ in tin saint iliiiiiioii tin walti kaMin; ihi tiiiil is 
111 Ionian Avith lilt It sill lia\ini> llu lii^ht si lixtl ol i onlaiiiiii iiiin> mns so 
ijiialilA and tlhiitiUA both snllii 

J Iht 11)11 txihaiijJL bid li.is a ionsiiitiabK hi^hiT ia|).iiil\ lhaii is iistd 
iHiausL iniei onniiiital txtisses ol i e^tnt i atini> ihemiial woultl bt iLt|uiied to 
loiivtit llu It sin iiiliitK lo iht dcsiird ion foiin 1 oi txainpli ilu taiioii ttsin 
iiias hast a iapaiil\ ol 2\ (.iboiil 44 k^i/iti It) Inii oiiI> abinii hill oJ this 
(20—22 k^i/t u 11) IS list d loi soihinii isile soltining lluiiiott the it is always 
a hi|;r|| Lonrintiation ol lonlaniiii.inng ions taliiuin iii this lasc on llu it sin 
as a |K>teiitial foi spoiling tin tit altd Asalei i|iiahtv 

S Because of cyclit oiK‘ialioii Asitli cotmienl flow of Asalii and legeneiant, 
iheiniial utili/ation in icgeiieiatnig ion ixthangt rtsins is iisuallv poor I his 
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Figure 12.6 Inn flisli ihiiliiiii rlllllll^ iiuiiii i\ili.iiii>i ill iiiiiu I .ili/tilinii willi iimiiimiii 

II iiLidlliiii 


drawliatk is iiiiist |ii dikmiiu cil uirli stiniiL^ ic'siiis suHdiiic ivpc itiiinn ixilian^ 

11 s and f|Liai li'i iiiii > .iminoiiiiiiii aiiinii li.tiii^c 1 s In? i xariijjlt in ilu sniliuiii 
if ilu iiiilt/ed iap.nit\ is 21 (alMnil 1 Hi) as ( a( O/iu li ( fS kj; inM iil 
resin, the salt tir|iiJirH is ihcnirlii.ills niiK "jH 5/‘>n \ i ~ ^ r Hi \a( l/m ll I lie 
actual salt i ()nsiini|Jtinii is tspiialh ft- If) Hi \aC l^c u ll sn ilu illiLicno is ahoui 
Atirl t'lliCKMUN Ini li\rlin^cn (vih.iiii’i* iisnu; a siilliiiiii Is pc iisiii 
and Ini ic ium aliiin, .iiul caustic itlioenis Ini ic iii lalinii nl siinni> 

base aiiifin icsitis au even pnniLi, ahniil 20-lOS 

llcmc'Sti, ucak calinii lesins ((ailmxvlii Upc) and weak aiiinn iisins (aiiiiiu 
tspc) lan In eipe^ialerl at ilnsc tn lOO'r ihcMiiiial edfii lines 

1 Vlnsi mil e \i haiiL'e male iials use il in svale i ii i aliiic ill ai i in the si/c laii^e 
rif 20-’ll) riiesh, rn almiii 0 "i iinn i llic ii\i si/e 1 Ins makes an inn e \i haii^i hi el 
a ver\ cHee ii\e Idle t. a i haiaite i isiii liasinpr f>nth ailviini.K^i's and clisarhaiit.i^c s 
This filteiiii|r ahililv is cninhnu'd with inn exchange |itr>pciiies in di sitrnnifi 
iiidiistiial cniidcnsaU pnlisliiii^ sssteins tisiii^ inn e \e litiiu^r hi ds Hut the fillii 
in^ ahiliis also liacls in lniiliii]i{ and iinpicrlie l.ihli npeialiii^ tuns Snmt'liiiu's 
tins IS caused hv ihc an iimiilaliiiii nl lii^li iiiii inbial pnpiil.iliniis in .in e xi baii^LM 
henJ, L'sc'ii when npcialiii^ nn a i himiiiaiid iiuiiiiiipal waiei siipph 

AN EVOLVING SCIENCE 

Beiausc of these limilatimis. in spire of adrli'il capital insl and iiii leased si)|ihisli- 
cation nl ei|uipincnl, inn exchange designs aic cfian^iii^ in le'dinc ihciiiie.il 
rnst, imprrne* efliui'iu qiialilv, aiul ieduce pnllulion eieatrd h\ cxeessiM chemi 
cal rlnsat^es 1 hese impinveineiils are ii‘ali/i*d h\ 
a (aiiinleiiuiieni ic^eiieiatinn leclniii|iies 
b Multiple slaves oi iieaimeiit 
r I se nf weak exthangeis when vet possible 

fl Pretieatment of waiei pnoi tn inn exthaiif^e (c ^ . hv lime snlieniii^. le- 
\ersr osmosis) to ieduce the ionic load on ihc ion exih.iiif^e svsiem 

e Pielrealmeiil tn reduce pariiciilales or soluble nrf;arii[ fniilaiits (e h\ 
hitratinn, adsmpiion) 

In suhseijuent sei linns, leakage will be meniioiied fiequenilv I he lei in “leak¬ 
age'' implies a sli|)piiig of some nf the influent ions inlo the eIHueiil In fail, 
unwanted ions teach ihe effluenl In Iwo differ eni pt cm esses (see login e 12 7c/) 

1 At the hegmmng of the sofieniiig run (using the IVa^X ynocess as an 











1H 


example) thcie is .ippieualile caUiutii letl in [he lM)iioni ul ilie lesin lied WaLet 
eiitciin^ ar ihe top gels cinnpleiels softened, the oiih canon Ix^ing sodium 1 his 
sollenerl walei, in elleil a \et\ ilihire hiine, legmeiates the lalcium ti oiii the 
hottniii 111 the heel So at the begitinitt^ of the luii the haidiiess in the effluent 
is flue In Laliiiini lesidue on the exihangcT lioiii the piesinus 11111 

2 As llie bed 1 k-i nines exhaiisleil, the laliiiiin conraiiuiiatinn at the bnltnm 
nl the berl iletleases anil the qualils [oiiiiiiiialb imptnves until Hue leakage— 
slippage nl ininnimg tliToiigh the bed into the effluent—begins to appeal 
1 lie net elfeil is the leakage luixl shown bx figiiie 12 7b 

1 Ins same kinil of illeit is nbseised with all exi hange pincesses ha\ing 10 - 
luiient exhausiinii ami legeiietalion 11 the beil is legeiieiated LOiinienuiicnt 
to the walei flow, this effect is elinmiateil and leakagi is then iliie to ailual 
inn slippage 1 he impinMineiiL nl both qualitv and iffiLieiicv b\ louiiteiHnw 
1 egineialion is stiikingh ilhistiated b\ ligiiie 12 M, showing a hxdfogeii exile 
npeiatinn with ilowiiw.iirl seivice flow and upflnw iegtiieiatinii with siilfiiiiL 
ac id 

\ final baikwash is aiintlui pinceduii fni iniiiiini/ing leakage 
Slippage IS t.is\ 111 a])pieMali as one innsiM|iience nl the limited lesiileiiee time 
nl ill! w.itei III the inn e\i haiige be^rl, txpiiallx about one minute 

In .ill iilli unit, then is imgialinn ni ions betwein it sin paitiilcs I Ins 1 auses 
.1 ih.iiigi nl w.tui ijualits when flow inmnieni es .igaiii I his inigialinn is also 
iihsMxeil dining baikw.ish, illuslialed m slips (2) and ol Figine 12 1 


SODIUM CYCLE EXCHANGE (ZEOLITE SOFTENING) 

/inim snilining is tin olde^si and snnplesi nl the 1011 exihange pi 01 esses It le- 
iiiiiMs li.ndness linni wain, inrhiding non and inaiiganise if ihesi iniisliiuents 
I an be kepi in the 11 rluc ed inim loiin \Miiii the inn e\ihaiige bed is satin ated 
with the baldness 1 nnstitueiiis, ihe exihangei is legeneiated with sodium 
fhiniiili hiiiK 

nuiiiig (111 piiKessiiig stc‘p—the sotieniiig iiiii—llu haidness o( the law 
watei iiia> \ai\ and the Mow lates thinugh the sxsiem max ihange, but the' bed 
i iiiiliiiiiLS to (ipeiale efteilixilx in pindiiie a suit waiei 
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(b) Leakage curve 
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FlQure 12-7 liakagt iJiiiiiii;li a siuliiiiii /i dIiU sulunei willi iiuiiirc'iit Hows 
(r/) lb (I loiiililinn iliiiiiig imIi (/d li.ikagi hum 
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Pprren^ of opercl nq y l[ 

Rguro 12 B l iniip insini ni 11 Mills nl (ni in 11 ill \ s i oiiiiiii i in 11 ill 
I if't lie t 1111)11 111 I ilinii (\( li iiij^t lisiii tih Mfj f / unrlRtfUt I i 
i uimtiifi ni// // Rt utt ///#^ / '*"*/// /if/f»/ifi// ///// Wiittt f t 

Jnifift \ fi I mh/1 / ^6^1 I 

I 111 t(|iii|)iiu 111 iltMfrii IS siin])li i onsislini) oi i site! shill lioldiii^ iIk ini 
i xchanj[>c IkiI rind iitmirJtd ujiJi piping iiirJ \aJiis In f>L rriiit llic i ssi nil d nfic i i 
linns n/sn/ltiiing hatk\\«isJi hinnnt; and Miising (I iguii IJ Jnsir iinii in itiiin 
inj\ hi piniirlid iniitJj) rht npeialnr jiitjifj)jli ixhjiisiinn n/ ihi lx rl sn rh if 
the bid I ill) be iLgL Ml Idled ne/nii liii idfiitni rjii ifi[\ dipiciialLs boniiii 
diitptablt* liinirs A.lninst ill sodium /loliii iinifs imhidf t ini ti r for riii isiiiiiii> 
Asalii Him usiialh ic|iiip[)Ld with in alai m so that whin tin gallon i^l loiii 
spiiiuting to tht lapaiits ot the lied has Iklii uailiid the opiiatoi will hi 
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Flgurs 12.9 t mss si i non of an mu ixihaiigi unil slirmiiig ilt sign rh tails 
id intuiials airaiigid Inr irHiirniit ti gc m i iiinii rjfii/n> o/ / ht Pfrmiiht 
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Figure 12 10 V\iili I iiiiiliipli Mini 1 lull I1i)i\ 1)1 soil Wiiiii IS ilw i\s i\ iilahli \ 

Sl|]L,ll I L [*1 111 IJtlDll S\SUin Slixts lilt lilllLIV 111 Llllils lllfl llllllMrlu ll I [ | IL Ult IIIIIS lit 

SI I^^L I I ll 111 I I|Ul11i/I W 111 I 1|M llllv 


vsaiiRrl nt llii lucil iii k^iihi ilt Mnn sfipliisinaleil unils i c(|Uiitil li\ higher 
i]iialil\ liiiiils nil hide aiilniiialn hairiiuss .inah/iis 

Multiple Unite 

If snn ig( 4 ipatils IS jiifiMikil hn siifuiucl uatii a siiigh iiiur ma\ hi .ifl(4|iiriU 
/in l/it |jJaiil nil its in Jai^ii jdiiils ii is ccniiiiKni in hast mniL ihaii nut niiii 
SI) that urit i in Im taken run ii/ smut fin iigMuialinii withiuil intciinpliiig ihi 
/li)u 4)/ siifi \saii I 

\ rliiigiarn ol a inulliplt Liiiil sssitni is shimn in Figiiit 1^10 ihiss>siciii uses 
su^c.1 lanks 14) sauiiaiL ihi hi nil sniulimi anil ihin in niLasiiii ii Ini apphiatiim in 
iht iniiLXihaiigi In rl I aign ssstims svhiii sail laii lu mnir tmivtniLiilh piir- 
ihasLfl 111 tiinklnail i|uantiLits than in bags aii ch signed tnhave alaigt liiiililIl 
sail saluialing basin Iruaitd ailjaiLiil to a liatk nr inacissa^ wlitii biiiit can lie 
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brniighl to the plant in bulk and simply clumped inlii the underground salt stor¬ 
age and brine saturation basin. A typical design of the salt storage facility for 
these larger installations is shown in Figure 12.11. 

Figures 12.12 and 12.13 illustrate several typical installations, the first being a 
simple zeolite softener treating city water as boiler makeup, and the second a 
sodium zeolite softener e.sperially designed for high temperature service and 
installed in a plant to follow a hot process lime softener and filter system. 

The chemical reactions for the sodium zeolite process are shown below: 
Softening (exhaustion): 

+ NajX CaX + 2Na-" (13) 

Mg-'* -I- NajX MgX 4 2Nd'^ (14) 

NO TE: The selectivity of the exchanger iavnrs C-a'*'* over Mg'*'®. Therefore, 
Mg lianliiess predominates at the point of breaklhniugh. 

Kegeneraiioti (brining): 

2NaC:i + CaX Na.X + CaClj (15) 

2Nd(:i ^ MgX NdaX + MgCt (16) 

The amiiiinl of salt applied to the individual /colilc bed for regeneration is 
deterinined bv the aiiepiable effluent quality limits anil the capacity the plant 
wishes to at hieve to pioperlv schedule regeneration oi the system based on avail¬ 
able IdiMir. I'he greater the salt dosage, the lower is the hardness leakage and the 
highei the cdparitv. However, the higher salt dosage also results in |HMirei chem¬ 
ical econoniv and greater quantities oi spent brine to be handled through the 
waste disposal system. 

An example is worked out conipleleh in Table 12.2 to give a persjiective on 
the lelativc .si/e of the e(]uipineril, the choice between salt dosage, capacit\, and 
leakage, and ilie volumes of waste produteil. 

The /enlite softener simply lemuves hardness when used foi ireaimeiil of a 
raw water supplv. A typical analysis showing raw watei and iri-aiecl water is given 
in Figure 12.14. Ilnwever, the sv.slein is also used for cleanup oi prcHcss conden¬ 
sates in industrial operations, such as papei mill conden.sale, chemical plant con- 
clensale, and central heating station t oiiden.sate, where the unil.s are operated at 
very high How' lates and remove not only iraies of hardness that eniei the system 
Irniii leakage of heat c‘xchangers, but also particulate matter, such as corrosion 
proilucts. 

The wastes troin legeneraiion oi an ion exchange system aie loiiveiiieni in that 
they are in solulicin form. However, lhe> increase the dis.so1\ed solids content of 
the effluent Irom the w^asie treatment plant through which they are prcK'e.s.si^l. 
If this saline water is a problem, it can be ircaLed with lime and soda ash to pre- 
c'ipitalc the hardness, producing a brine which can then f>e reused, l^his process, 
winch converts the liquid saline waste to a solid waste, has been proposed for 
installations in the Southwest where the spent brine may lower I he quality of the 
receiving streams and where the cliinalic conditiuii.s are favorable for drying 
of solid waste. 

HYDROGEN CYCLE EXCHANGE 

The development of ion exchange materials that could be regenerated with acid 
to exchange hydrogen ions for cations in water provided the first practic'al chemi¬ 
cal proc'css for the removal of sodium, potassium and ammonia, all of whose 
salts are extremely soluble. The generalized reactions for hydrogen cycle 
exchange have been given earlier. The following specific reactions and data 
shown in Figure 12.15 illustrate the process more completely. The effluent is 
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TABLE 12^ Sample Calculation of Sodium Exchange Syatem 

WATER ANALYSIS —Scc Figure 12.14. Icital hardnc.ss = 200 mg/1, allowable leakage 
3 mg/l. TE = 300 mg/I. 

PLANT REQUiREMENT.s; I.SOO.tHlO gpcl - average flow oF 1.200.000/1440 = 833 gpiii; miisl 
accnminodaie extended peak Huw of 1200 gpin. 

1. Calr.ulation of rci|mred si/e to handle 1200 gpni. (See 'fable 12.3.) I'se three lO'-O" 
diameter units. 

2. Calculation ol required resin volume. 

(a) Required capacity in kilograiiis: 

Hardness = 200 mg/l; 200/17.1 = 11.7 gr/gal, 

1,200,000 X 11.7/1000 = 14.035 kilograiiis/day, 

Schedule all 3 units id be regenerated each .shift. 

Required capacity = 14,03.5/3 = 4078 kgr total 
4678/3 units = 1560 kgr/iinii 

(ft) Allowable leakage - 3 mg/l 

'f'his leakage ran he arhieved (a 6 lb N-aCI/i:u it. 

(Actual leakage (a. 6 Ib/cu ft will hr only 1.5 mg/l H) 

Capacity at 6 Ib/cu ft - 20 kgr/cii ft ( fable 12.4) 

Required rtvsiii - 1560/20 = 78 cu fi iiiinimuiii 
(r) Bed depth: Area of lO'-O" diameter unit = 78.5 .sq It. 'fluMefnrc. I>ed woulii be 
approximately 1' deep, 'fu achieve the desired leakage, miiiiinutii bed depth i.s 
30". Therefore, each unit requires: 

2.5 ft deep x 78.5 ft® area = 106 rubir fret 
(//) The actual regcrieraliun peririd will be: 

106 cu ft X 3 units x 20 kgr/cu ft , 

- —n - - -^ 

14,03.^ kgr/dav 

0.84 X 24 = 20 hours, 

or one unit will be regenerated every 6 lirs. 40 min 

3. Salt cnnsuiiiption 6 lb salt—20 kgr/cu ft 
6/20 — 0.3 Ib/kgr (2.1 mg/l .sali/mg/l hardness). 

14,035 kgr/day x 0.3 lb NaCI/kgr = 4200 lb NaCL, 

thi.s reijuires bulk deliveries for practical handling by plant labor. 


add, h contains carbon dioxide equivalent to the incoming alkalinity, and .sub¬ 
stantially all of the cations in the influent have been exchanged for hydrogen, 
except for leakage: 

Ca(H(:0;j)2 + H^X CaX + 2^,0 + 2rO:, (17) 

CaS 04 + H^X CaX -I- HaSO., ( 18) 

The strong acidity of the treated whaler mu.st be corrected to provide a water 
satisfactory for practically any conventional use. The carbon dioxide Js ea.sily 
removed by degasihcation, since the equilibrium carbon dioxide coiicentraiion 
corresponding to the typical compo.sition of the atmosphere is less than 1 mg/l. 
Therefore, the acidity may be neutralUed by the addition of alkali, or by anion 
exchange. 

There are several choices for alkalinity neutralization. If the hnished water 
need not be completely softened, the hydrogen exchange effluent can be blended 
with raw water and the blend degasified, to provide whatever alkalinity is 
needed in the finished water. Column C of Figure 12.1.5 gives the analysis of a 
blend of raw water with hydrogen exchange effluent to produce an alkalinity of 
50 mg/l. If the blended water must be completely softened, a sodium zeolite 
softener can supply the alkalinity for neutralization of the acidity of the hydrogen 
exchanger effluent, and the analysis will then be that shown by Column D. In 
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bolh cases ihe piupniricm ol hMlriifrcn exchanger c^tHueiit In hf blended is cal 
tiilalcd h\ the fiillniviii|T loiniula 

„ ^ alkalinih icdiiciimi 

PciiLIII HA - --:->' 

IntjJ c Killnl\lL 

Jn the iXrinipk ji^nm in I ij>iin IJ Ki the blend is 

Ptiiiiii M \ = X I0() - ’.()'{ 

Pciitiil I n^ walti (11 \ i \ ")()' 

XniilliLi u i\ r>l lie iilr ili/iii^ lilt iiidii\ in ilu li\dro^i n t\i liaiii>Li c ffliii nl is in 
lied 111 dk iliiu iliiiiiicil sill li as N iDll inln tlit Lllliitiil In luiiliah/t iht 
Indin^cn inn iiuJ in ii iili llu dcsiiid ilkilinm J Ins lit'atiiiriii pindiiics llit 
s mil illliiini shfiwn In [nluiiin 1) In tins i xaiii})U iht i itislii snda dnsage 
wniilil In ii|U il In llii ')"i in[;/l livdiof>(n inn iiiuir ili/td plus "lO iii^/l disiicd 
ilk ilinih ni III iinr/l IS t i( ()| Li|iii\ ikiil In I Ih iinr/| \ d)ll 

I 111 m ijni ul\ ml nri id tin si v iii iliniis nl thi li\ di n^i n i \i k pinctssnsii 
iliii c I II idilii itinii lull dill 1 dk diiiih is i ii dm linn nf intd snlids i (|m\ iknl In 
dk limits iidiiilinn is slims ii In liv>iiii \2 1 "i 


TABLE 12 3 Ion Exchange Flows and Dimenafona 



\u 1 

Mm Ui sm 

B 11 k\\ isli 

L,pni 

Si 1 \ H f 

llmv m>m 111 IS * 

l)i mil u 

St| Il 

mil f 1(1 



il 

1 Him 

J units 

\ mills 

J (1 

11 

s 

M 

HI 

ts 

HI 

J 1 

ill 

2 U 

\ ‘II 

IJ 

1 J 

Ml 

I'l 

Ml 

Ml 

HI) 

II 

n 

IS 

J1 

tJ 

S 1 

IJ 

ih 

IIJ 

\ 1 

n hJ 

J4 

J‘l 

iS 

Mil 

iS 

7“ 

rn 

1 II 

l j h 

1 > 

ts 

“ 1 

1 ill 

7 1 

inn 

jiin 

1 II 

1 1 1 

Ml 

IS 

>1 1 

Hill 

'll 

1 Ml 

Jhll 

1 N 

in II 

Ml 

1*1 

1 Ih 

Jt 1 

1 is 

11)11 

^Jn 

I h 

'» s 

nil 

"1 

1 1 1 

JH 1 

11 \ 

Hin 

tsn 

h n 

Js \ 

71 

Si 

171) 

nn 

nil 

JM) 

Mil) 

h II 

n * 

SI 

Hill 

Min 

inn 

jnn 

J"!) 

nn 

7 (1 

IS I 

111 

1 1 1 

-Ml 

Mill 

JMI 

nn 

ijji) 

7 (i 

11 2 

111) 

1 \2 

Mil 

iM) 

Jh 1 

1 ill 

“on 

H (1 

ill t 

1 Ml 

1 111 

Min 

hill) 

iiin 

inn 

son 

S 1 

ill s 

1 \2 

1711 

till 

hsn 

Ml) 

1 ill 

non 

>1 0 

111 h 

Hill 

HID 

tsn 

/hi) 

tsn 

iiin 

innn 

■1 h 

7n n 

rii 

JI \ 

ij 1 

S ill 

IJ 1 

i'"n 

1141) 

in I) 

7s 1 

Hill 

J^ 1 

1711 

‘IMI 

1711 

hMl 

iJiii) 

11 n 

n 1 

Jill 

JS 1 

>711 

1 1 Ml 

>'“11 

7 ill 

1 >11)1) 

^ St 1 Ml 1 

llliw IS 11 ISl 

d 1111 1 III s Ilf li 

Llllll 

sii 11 siiilIl umi 

111 iMiiium 

1 111 mil S ifpin/ 


si| It shiirl linn i iii lUi iiiiilii|ilt imiis whin iiiii mill is mil nl slimli Ini ill,liui iliiiii 
ln|)in\iili 1 [ niilmunus su|i|)l\ id 11 1 lU d u III I innsl |j| mis usi iwii imils sn ill il ixliih 
mil IS Ihiiil^ ii^(iiLiiltd llii mini imilinuis tn pinMili Iniislitd iUi Ml nils li iMiifi 
\iiiilili ill 111 nitl sini i liiiislud u III 1 in i liiiiiii ili siii s iii firm inmimi/iiii, i ipii|niit nl 
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TABLE 12.4 Typical Sodium ZaolSa Portoimanca 


Sail Applied, Ib/cu It 

fi 

H 

10 

15 

Approx, capadiy, k^i7ru I'l 

20 

25 

25 

50 

Salt rate. Ib/kgr 

0.50 

0.5.5 

0.40 

0.50 

mg/l SaJi/ing/l hardness 

2.1 

2.5 

2.8 

5.5 

Hardness leakage, mg/L ai 

100 iiig/l intal elertrolyte 

0.1-0.5 

0.1-0.2 

0.1 

0.1 

250 mg/1 luial elerirolyie 

0.5-2 

0.,5- 1.0 

0.5-0.5 

0.1-0.2 

500 ing/l total electrolyte 

5-li 

2-4 

1-5 

0.5-1.0 

lU(K) nig/l total electrolyte 

12-2,5 

815 

.5-10 

2-4 

































Figure 12.15 1 \ptiuil iisulis nf 


li) lat llic miisl Minimoii prcuc-ss is iht blt-iifliii^ iil li\rlii>^L‘n rxihan^rr anil 
snrluini exihan^ei eflUifiils, kiiimn as splii'SHrani snhriiiiifr (lifiuir 12 lb) A 
UpiLal splii-siicani sssiriii is slirmn in 12 17 

Acid Regenerellon of Cetlon Exchengere 

In thr ssslenis |iisi drsiiibrrl, a stinii|r Lalinn icsin is usualls used wilb sidluiu 
acjfl 1 egentialion 1 lie appiiixnnate capaiilics icali/eil with iiMuneni siilfiiiii 
jLid rcgcneiation nl smli an e\<hanger air shnwn in lable 12 *1 1 hr irgrneia- 
tnin rlluieiuv is lallui |Mmii when tniiipared lo throtrlical, 0 141 Ib/kgi 
(1 kg/kg) 

rhr dcvelnpnirni ol iseak [atinn (caibiiwlic) cxihaiigris (discussed lain) has 
dimniishcil ihr pnpulaiits ol ihr splil-sti ram dralkali/ri A laseit'd Irrd with 
acid-irgrneialrd cat how hi lesin above a salt-iegenriated si long talion lesin 
piovidrs advantages in effitieiuy and rcduclioti ol wastes But ihe splil-&liram 





ia-11 tim nalco wi 


Row water 



Figure 12.16 Stiit-iiiarii shiiwiiif; ihr blcnrlni); of anil d 
lliicrni iioni H2\ uiiii uilh alkaJmr siiiliuni /roliii rllliiiiii 
rill i>Uf*h aH|iisiabli laic LontinJJi i s rJi'si^ui tJ lo iiiairiLain i urrti i 
bJL'iiil as fillip rltiiiantJ \i 1 iils 

oHeis ncxibilil> in dealing uuh a \waiei suppl\ ni vaiiablc i oinpusiiiim, snue ihi 
latio III Na 2 X firm lo lljX flow ran be arljiisieil 

1 he spent icgeiieiatil requires caielul JLIeiilion for disposal sinii ii (Diitaiiis a 
largo aiiumni nl iiniiserl auH plus caliiiiiii siilfale at tom endafioiis (ai abovi ils 
soliibilitv, Liealing a potciitiaJ sludge piobJem J he usi of iMcJiotJiJoiir and 
avoids ihc laltium iiiillaio pieiipitation, but in tnosi ait as ludini hlorit aiirl is 
tiMi expensive lompaied In sullunt at id 

As shcmn hv lable 12 5, an iiuiease in ihe aniouiil ol and a])pliLd foi regen¬ 
eration proiliices an increase in tapacilv, but ai the expense of clliiiiiiis 4 
second efletl of highei legeneralion level is a lerliulion in leakage In the h\ilio- 
gen I vcle lieatnieni si home slumii h\ Jigure 12 1.5. sodium leakage is run iiiLiidl, 
since ihe and etfluent is neotiah/od b> a sodium based alk.ili Jhtieloie ii is 
practical lo use onl\ b Ib/cLi ft f^lfi kg/ni^) it generation lex el loi Ix^Liei and efli- 
Lieniy However, as more lullv ilcveloped lalei in the text icgaiding deiiiiiieiali 
zation, the higher dosage oi and niav be needed lu meet ihc qiialitv goals ol 
deniinerali/ing s\stems 



ngure 12.17 Spin so earn FbX - Na^X cxi hangers sofuning and dcalkalmng a muni- 
Lipal watei 1 he exc hangers ai e lined foi aiitnmatiL regeiic^iation (LoutUsy uf ffir Prrmutit 
Company ) 











TABLE 12 5 Strong Cation Roaln Parformanco H-Cycia, 
H,BO« Roganaratlon 


Aticl dppliirl lb/(uJi 

ll 

H 

Appiiix lap.dty k|;i/llis/iu It 

1 Al 11 /M Tdliii 11) 

12 

M 5 

lll/kgl 

0 5 

(11) 

pills M Sf) 4 /piTl L itiiins 

i 5 

t 2 

1’ Illl/Vfiiliu jn 

1 1 1 

111 

Ih/kgi 

1145 

1) 5 

p 11 Is H S(),/p 11 1 1 iliinis 

i 2 

i 5 

1 \i 11 /\1 1 ilm 1 ) 

15 

17 

Ui/kgi 

1) ] 

1) 17 

puts It SOf/piii i iiiiiiis 

2 K 

1 i 


J 1(11 spJif srieiiii lJi ilk ill/ilinii list li Ih It SO4/LI1 It 
J Jill ill 11111 K I ill/ limn 

(a) li 111 iJ SJ)|/iii ll 1(11 iiiixtd htil 

III) 1 111 2 1 m (I s\su Ills iisi (1 lb/(ii ll wiitu \i 1O in ^/1 
K Ih/iu ll iiihtTvwim 

I siii^ lilt wall 1 Liialxsis nl Ij^uk IJ 15 daia 011 at id rlosa^t. md iLstdLiii;< 
capaiin and >odiLiiii It ikagi witli 1011111 tut 1 liili aUiui ait plnlitd in 
V2 IK 

Using Weak Cation Exchangers 

I )u uiili/Uiiin ol ml .Indian hi (onsiilc lablv iinpTo\Ld In intrnpDial 

mk> a (.iibriwlii cxilian^ii infn iht s^slim In siidi a s\sltfrii the i.iibr)X\lit tx- 
ihaii^Li bed is si/td in iiail wilh ihi alkaliiiiU ni iht liaidncss id llie iiicniiiiiif^ 
wait] whii hi VI1 IS till Itssii 1 hi stinn/;’ lalmn LXthaii^ei is llun si/id in iiait 
wilh ihc balanit nl iht tarions /lit (arbo\>lii unit iliin opttalts at ilosi to 



H25O4 used Ib/cuti 

Figure 12.1 B l>}Hial pi ifmmam 1 ul H «>ih ixihaiigLi 
with Liiiiiirini lluws suUdiiil iiiid iisiii 
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Figure 12.19 rilraLuiii LiirvLvs 
III' CHiirui rxi'hringL* i i-sins, ff-riirr- 
/t\sy of Raiim Haas.) 


theoretical etficiency, apprnximately 0.15 Ib/kgr ( 1.0 kg/k^). 'I'hc disiiiinivc 
pcrt'orinance ot a carlioxyliL exchanger is strikingly illustrated by the ciiniparisuii 
of acid-ba.se lilratiiin curves for carboxylir and sulfonic exchangers. Figure 
12.19. 

Carboxylic exchangers typically have a rapacity as high as 70 kgr/cu ft (5.2 N), 
but the operating rapacity Is usually in the range of 20-40 kgi7cii li (0.9-l.H 
This compares to a range of only 12-18 kgi/cii ft (0.6-0.9 \) for the strong 
cation exchanger regenerated with H 2 S() 4 . 

The results of treatment whether using a strong cation resin or a comhinalinn 
of a strong ration resin and a i arlioxylir re.siii are the same. The advantage ol the 
carboxylic resin is a reduction in cost by improved acid eHficiency anil reduced 
w'astc treatment load through reduction of excess uciil. Against this chemical 
saving must lie balanced the cost of the more sophisticated design rec|uired by 
the use of twt) re.sins. Some syslem.s incorporate layererl IxmIs of carboxylic anrl 
sulfonic re.sins in the same vessel; these are sii.sceplihle to fouling because the 
carboxylic resin is light and dillicult to clean and should he provided with a sep¬ 
arate regeneration system to avoid lalciiini sulfate deposition. 

Countercurrenl Regeneration of H..X Unite 

Another choice is available to improve results, and that is to design the ex¬ 
changer for countercurrent regeneration. 

An excellent example of this is given in Jahle 12.6. L'his compares side-hy-side 
l^erformance of two cation exchangers in a Canadian plant, where these imits are 
part of a demineralizing train. One was operated by conventional corurreiil acid 
regeneration, and the other with countercurrenl. Tlie uiiils were operated to 
produce equal low levels of sodium leakage, using H 2 SO 4 for regeneration. The 
units each contained the .same kind of strong cation resin, '['he remarkable in- 


TABLE 12.6 Comparison of Cocurrant to Counlorcurrant Rngonsrstlon 
of Cstion Eichangor 


Opera ting factor 

Cuciirrenl 

CounrerctitTirnl 

Regeneration: 

Acid, Ib/ciJ f t 

6.0 

3.7 

Concentration 

2% and 4% 

2% 

Cafiacily; 

kgr/cu ft 

7.7 

14.5 

lbs HzSlVkgr 

0.78 

0.26 

Regeneration: 

Acid Consumption, as a 

520% 

170% 

percent of theoretical 
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crease in caparity and reg[enerani efficiency showed up nor only on these cation 
iinils, but also on the anion units, which were likewise converted and compared. 
A second example, where the exchanger was o|>eraLed on a relatively high solids 
water, is shown by Figure 12.H. 

The couiiterciirrenl system is a little more sophisticated, but improved quality 
and increase in elliciency make this attractive. 

ANION EXCHANGE PROCESSES 

The nature nt anion exchange was briefly itiirodiicecl earlier, with refereine to 
both the strong and weak base anion exchangers. The first reaction .shown tor 
the strong base exchanger involved the leiiioval ol alkalinity Irnm water by the 
exchanger in substitution for chloride ions. This is a simple and practical process 
lor the reduition ol alkalinity wilhoiii the use of acids. Sime tht' exihanger is 
legeneraled with sodium chloride hnne, ilieinical handling is very simple. I'he 
ihloride-lorm oi the anion exihangei removes sulfate as well as hiiarhonate, 
and because sulfate removal is not usually neiessary, this is an added tost to the 
opei atiiiii. 

Ill some watet liealmeni operation.s, the reduLliiiii ol sulfate by itself may he 
iiiipoiiani, and this can ateoiiiplishecJ in the same fashion. I'lie removal ol 
sulljie is soniewhal srleciive as i oinpaird to the reduction ol bicarbonate, so the 
ellineiK'v of this operation is liighei than that lor the dealkalization process. 

Although most plants sollen water beliire dealkalization ihroiigli an anion 
excliaiigei. this is not stnclh neii^ssary. For example, looling lower makeup 
loiiUl Ix' ilealkali/ed thioiigh the anion exchanger withimi piioi solleniiig. 

R\ far the itiost coirimon lonn in ivhicli anion exchangers are used in watei 
irealinent is the hydioxiile lorm, with caustii soda being used lot regeneration; 
and the most common process using this form of strong-base re.sin is deniinerali- 
/atirm, where the anion exchaiigei lollows ilie hvilrogen-forni cation exihanger. 
In this process, the anions in tlie latioii efflueni are exchanged foi hyiinixule; 
il there are cations present, such as .sodium, the ellhienl will lontain sodiinri 
liydioxide, and this is the most }ironnnenl lailor aHeiting the qualilx of 
fjiiishc'd rlemiiierali/ccl water. When dcminc'iali/ed watc'r is used for boiler 
makeup, silica leakage is ol priirian interesi, anil the amounl ol sodium leakage 
which ociiirs pioportiriiialely afieits siliia leakage. L\siiig the w'ater analysis of 
Figure 12. If) and the sodium leakage tlnough the cation exc'liange shown by 
Figure 12.17, the quality ol demiiierali/ed water that ran be prodiiied by a 
strongly basic anion exrhangei is shown in Figine 12.20 loi two different 
levels of aiicl regeneration ol the caliciii exchanger and varying levels oJ luusiic 
used for regeiieralioii of the anion exchaiigci. 

A siinplihed chart ol typical perfoniiaiire lapacities foi strongly basil anion 
exchangers is li.sted in lahle 12.7. 

Proceu RefInemenU 

If the quality of water as shown by these illii.stra lions is not adequate lor the 
intended service*, alleriialive ineilioils ol ireatriieni must lx? used. The must 
obvious possibility is the installation of a second stage demiiieralizcM' to polish 
the water produced from the first stage. Another alternative i.s to use a mixed 
bed dcminerali/er eithc-r foi tlie primary servire or for polishing; in this type of 
unit, the cation and anion resins are iiilimalely mixed after regcneraliun, in 
effect providing hundreds of stages of deminerali/atioii (Figure 12.21) 

Other choires include improvements in design, such as counterflow regenera¬ 
tion, and redurtiun of the loading on the ion exchange .system by pretreatment. 

One of the common prex^edures for reducing loading on the anion exchanger 



Capaciiy kgr/cuf 
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NaOH used Ib/cuf* ol 90 °F 

Rguro 12.20 Hu tlliu ul l(lllSlll IL^I 111 l.lllflll ll M I Dll LlpiUllN 
.inrl siIk .i li iii a its ti Im rl mi iii ii iii ili iiiim lali/i i with rli ^ isifii i 

(anaU^L's 1 i^ui i I ^ 1 ‘i) 

IS \\\e lumiisal of iiiilinii difividi bv fici*asilii.uuin sn llial il iit'eil not bi irinnxtMl 
b\ ion I'xiban^L 

WCiikU b«isi( (‘xc lian^f .1 s ian In* iiisl.ilh tl in rlciiiiiiei.ili/iiii; svsUiiis boili in 
rL*lic\e the load on ilie siriiii^ anion liaii^ei anil also loiiiipioM ibi iionono 
111 iipciatniii VVeakU basu ixtlian|*iis iLtnovi oiil\ llu slion^ iiiineial amis 
such as hMlf Ol hloiit and sulfimc aiiib and tin* alkali used (oi 11 [ri m lation 
ncLiriali/es Lhese ailsoilM-d at ids so th.il Ihr i egeiiei alion is ilose to lllirr 
efluient 

ihcie are niniicioiis possibilities loi ihe design iiiginiLi in pulling ingetliLi 
indisidual unils nl a deniinciah/ing sysleiii lo suit tin ivpi ol law vsalei lieing 



Flguro 12.21 Mixed Ixrl di iiiiiiei.ili/alinii (n) ( imveii- 
lional tuii-ln'd (atioii-aiiiini exiliangeis (b) MiiliistagL 
deniiiiL'iali/aliiin wall mixed laliiiii and amini lesin In ads 



Ion Exchange 12-23 



H btrnny cGtion resin WCR - weak cation rpsin 
SBH strong base resin WBR weak base resin 
DG degasifier, MB mixed bed 

Figure 12.22 Basil Upis nl rli iiiiiil lali/iis aiul iisiiis iisiil 
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TABLE 12 7 Strong Baao Eacbango CapodtloB In Domlnorallilng 
Servico (Rogonorilod with NaOH ■! BS^F, with 90 minuttB 
contact Urn*) 


NiDH 

(ip 


hiiiiil 

Ifl/lU fl 

kifi/i li fl 


SiC) in^/l 

^ j 

fO 

0 1 1 

0 fl 

j 0 

12 

0 42 

0 1 


MHi SiO ItikifTi IS h isi il on iiiioii In iil llHl'i Sil) iiii il 7 'i 1 mil lin il 

cniiriLii «it 1 niiLiniTiliiis Pini iit In siiil iciii il i uiiiliiinns 

1 If Sil) 111 JiilluLiit ti> iiiiini mill IS oiiK lO'^r nf llu Inlil iiiiiiiis fill il SiO will Im 
oiiK lO'r 111 V line shnwii 

2 11 waiti iinipiialuii is 'll) t SiO liakaf>i will iiiulisi "id'i il lO 1 SiO lllkl^l 
will (InIt 1st 

^ 11 t(jiirlLiitivil\ nl hiiisliifl wiiti LVittils \ nutinnilnis SiO U ik l^l will unit isi 

alwiiil 20'r fni tacli i miiininlms unit tsi 

1 In iisiiiff llu sr data tsiiiniu ilii inmuiil iil w iti i |ii niliii i tl liniii i i|iitii\ mil mill 
ariiiin luaHiiii; wliuli is tin siiin of ill aiiiiiiis tiiliiiii^ rlu txiliiiifit mill 11 iliiii is i ili 
^asifu I in till s\sU 111 fell llu it lIiii Ikhi nl ( () ilu nl nl llu sliniifii b ist iisiii lliis it dm i s 
llu. Ill 111 on iht stimi^ hist itsm 


pUHtssicl tilt eioiioniits 111 jilaiu (iptiation atirl llu iiliiniau i|iialil\ ilini inikil 
b> tlu pniiess iisi 1 best in illustiaUil h> lifruii 12 22 Sniiii [>tiuial lulis 
fni tlu sektiinn nf iiidiMfliial uini|inni nts nf .i ilt miiui ali/iii^ s\sUni hast rl 
ihuflv (111 CLiiiiijniKs Ili npi i ilinii an shown in I ihh 12 H 

Beiaust llu wtakh hasii iMliaiij^tr is rij^tniraUil simpK hv luuiiali/aiinii 
ul the acJsnrhtfl niiiu ral aiids a\aiuU nf ilkalii s i an Ik iiskI fni this npti aliiiii 
Ihc. appi oxiniatL ( ipaiils nf ihist ixthan^iis anil ihr kiiiils nl n^niLianis 
that ina\ he used art illuslialtrl In Lihlc 12 h 
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Nons 1 C = catinii A = aniiin L)(w - rit);isifiti MB - iiiixid bed WB weak hast 
SB = shuiiK bast 1 M \ - het iniiuial aiidii\ (SO4 + ( 1 + NO-i) 

2 Niimht IS in panniheses (1) multi berl plain (2) mixi d bed fur I mill umlio i fHuttiL 
^ Iniermerliate lan^^cs CiO-lOl) f^pni How 'iO-lOO iiif^/l (O 100 2(K) m|;/l IMA) 
If quire larelul tv iluation for best balance m lapilal and upeiaiing cosis 







TABLE 1 Z.B TypIcBl WmIc Base Eachanga CapacMaa 


( heiriiial 

nnsage, 
Ib/fii ft 

(^apjf ilv, 
kgl/cLI ll 

Ikagc, 

ib/kgi 

\II, 

1 5 

2t) 0 

n 08 

NdOII 


21 ) 

0 14 

tJ, 

h U 

t) 

0 14 


Mjrr ( (iptiiiii biisril 1)11 it I 1 litlif) 111 H( 1 rn MiSOi 


Waste Trealmenl ConsIderallonB 

\ pniiniiiL'iii liiLlni in llic srletiioii ni aiiv inn cm liiiii^c pimcss is llic waste 
iiLMlcrl Ijv icpcncralnm oi ihc inn cxihangc Ih*iI 1 he wasie nia\ be leusaLilc, 
as in the ilisihai^e hnin the iitiil iliiiiii^ batkw ashing, ni it nia\ \w tiniibk- 
sniiie as in the tasc nl s|K‘nl anil hnm le^eneiaiinn nf a tatinii exthaii^Li 1 he 
pinpet iitainii'iit nl these wastes iec|iiiies an Lvaliialinn nl eaili step in the 
Ie^eneraliiin piotess in cleleimine the amnunt ami Hnw lale ni the waste iinm 
the 1 crenelaiinn step and the iniiientiaiinn nl Lniitaniinants 

\s an I xaiiiplt nl the iinpniianie nl sliiihiii^ each slep in the i ejfeneiatinii 
pinciss, whtii a sniliuni /eolile sssteni is inslallefl In Inllnw a hnl pini(‘ss soittMiei, 
tluii IS essiiilialh nn iiiiclesiiahlt iiialeiial in ihi haikwash linni ihe /inlitc, so 
tins entile Him is leilaiiiiLil b\ ittiii 1111114 the /enlile haikwash In the head oi 
lilt iilleis In leilaiin hnlh the heat and the watrn 1 line iiiav be uselul ihetimal 
\aliiis even 111 s|K'nt le^i inlaiits. sptnt laiislii lioni it ^enei.ilinn nf a stinrif^ 
aiiinii cMh.iii);it mas he used to iiginciaii the weakh basii aninn exihan^tM 
Knrl iinallv, tail lid ailenlinn shnuid In ^i\en to leinseiv nl disthai);e linni the 
iiiisiiiL’ (ipuatinn, lation (\1l1anj4c1 iinsi Inllowiiijr .11 id ie^eneialinn has been 
iistd as innliiii> tnwei in.ikeup In pinxide alkalinilv icdiiilinii flnl /enlitr tinse 
wall! tan hi itlinned tn the fillet inlei when ils haidness leaihes tin nnnnal 
ink I haifiness Itvrl Spent laiisiii linni anion LMhan^ti legeneiatinii has been 
used as salt-iake inakeii]) in kiafl pulping npeiaiions Uiidei the light tiuuiii' 
stames, tins inulil he lonihined with iht spent sulliini ami 

II no iisi tail 1 h iii.ide oi the spun 1 ei>i 1111 anis ihe\ must he h.ilanieil in 
pi mime a neuiial effluent ihiil will nni upsel the oxeiall plain waste Meal mem 
sssitm I his max haxe an infliiLiii e nn siiili detisinns as xxhellii 1 ni not to insiall 
a [fegasihei I01 ( ()> lemnxal and at whiih cHnieiux tn opeiiite the ixihangeis 
1 1)1 exaiiipli, theie ma> 1 m' nn need to impinxe the ellicieiiix of anion excliangei 
1 egeneialinii xxilh laustic if ilu spent aiiil fioni legeiiilalinn nf tlu latioii ix 
ihangei is going in leipiiie extia alkiih Ini neiiiiali/aiion 

Iheie IS a x.iiietx to stdeiI liniii 111 ihnosing iht In-st ion exih.inge iiml foi 
eaih p.iitifulai pi mess Ihe simplest and most [nmmon ion exiliange unit is a 
xeiliial 1 vliniiiiial xessil designed loi downflow npeiation and making pioxisinn 
loi backwash, ihemical in|e(linn. imsmg, and noimal seixiie o|Mn'aiioiis I igiiie 
12 0 shows a iiilawav nl a ivpiLal unit foi this 4-step exile In this sxslein, the 
ihemiial legeneianl Hows dnxxnwaid tinoiigli the inn exihange bed, and noimal 
How nl pi mess walei is also dnwiixxaid 

Counlercurrent Regeneration 

If the sxstein requnes 11101 e effuienl ihemii.il utili/atinn, counteiiuiieiii le- 
geiieiation can be used In this lase, the seixiie Hoxv max be iipwaid thiough 
a vessel ihat is lompleiely packed with ion exihange resm The ihi'iiiiial in¬ 
let lion IS then dnwnwaid, 01 louiileiiuiieiit, followed h> iinse in the same 
duel lion This airaiigement has 110 proxisioii toi lesiii baikwashmg in place, so 
pcricHlKall> the lesiii must Ik* witluliawii lioiii the unit and eleaned in an 
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Upper disfribufor 
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Figure 12.23 \ hiliIukI (il 

IIMIIIII null [ 111 ItlillKI lllllll 
I hi I 111 I nil IS mil (lllllll fl U|i 
Hnu uiih flu usm Ih il liilil m 

|)ll(l llV 1 [IllUIIWIIfl illlO III 
xiilii i( ntfiss f flfinm Wattt 
Junttmnt ( )n/Hin\ ) 



cxuinal \(sslJ Joi iiriiiii Hi ilu svsitin F Ml mil (If iniiiL( ni i\ hi if(|Liji(( 
L\irv 1(10 imIls liiit to iclii(\L tins li l ijiii iil\ ii is inipin uiin ih n tlu w i1li 
siipph to the svsuin ht char 

C rniiiiLi(iiiiinl laii also Ik aihicxirl with i mrni l iin\i ntinn il ili sii(ii tin 
piimrles luad looni foi hiiikwasliiin; as shown li\ IJ In tins i isc 

rlu scisiiL flow IS (lownwairJ with it gt iili Jtion Mow iipviairl In |)ii\tnr ihi 
hid lioni L xpiiiiding liinmg iipflow iigLiii t ilion aniunti iMow ol w iii i mas In 
iir|iiiu(l 1(1 haliiiKi lliL hsdiaulir ptLssiitt in llii sssitin 

riit iiiixtd bid d(Tiiinc 1 di/tr ripiiiHs with i ihiigt ol i«ilioi] ami inioii 
I (.sin 111 t hi saincsfssil with sc (]ut in ( s shown m I ihli 12 10 \ l\|iii al iiiH i ii il 
Lonsliiu Hon is shown in ligurt 12 24 I nits ol this kind .nc iisid toi polishing 



Figure 12.24 Vnw ol iniiindls of a iiiixid Ixil dLiniiiLiali/ii liNiking 
downwaiil showing fiinioTiing nttclid to pn vliil disiiibiiior daniagi horn 
lesm riiovf mt lit (f rjur//\y o/ Hhrms MatFt htatnirnt ( ompany ) 
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Figure 12 25 ( niiikusiit |ii»lisliii iksiL'iurl lf>i ik iiui|> i)f kOOl) l(|>ni iil iiiilih si iiinii 
I (link IIS 111 I III II sill IS I r fiL III I in il In sluii iiifi fiiiiii ilii i m li iml^l is in si p ii Hi i k iiiiip 
Mssils (( ink > / lihutis I Irik I Itiufmiiii f f»/jfiny ) 


lit 11111111 iili/i rl n 111 I |)iiuliitt(l 111 a twoluil s\sliiii alrlioii^h tin \ in sniiu 
liiiiis iisLil as I tnniphu uiiil In iluiiisthis il ihc wiki is ul ul.ili\il\ i^oiirl 
fpialilv SI) Mill niir.iiiif IduImi^ will iiiil lu a jjiDhUiii \fi\trl IriI ik niiiu i ali/t i s 
an tiii|LUiirK iisLil in pin ikmiioii nl ulilil\ plain iniirUnsali in whiili lasi Mil 
iiniis npii.ik al \tt\ lii^li finw lalts lui uisl nl Mil piiiit\ iil Mn waki 

In 111^ ii t all il I Ills s.i\( s 1)11 usin HIM siiiu 111 1 In nsiii is wiMiiii iwn finin Mu 
pinicssiii^ unit fdi n lu i.iiiiui in ixtiinil I iuIiuls sd Mu Mtsi^n nl Mil 
piniLSS uiiil IS i|inli siinpli \ npit.il LninUiisali pnlislu i with ixuinal ii 
^iiitialinii IS slifivxn in 1 11)1111 IJ 

lailiLi 11 was nil iilirini il Mial inn Lxili.in|;L is a lmIu npiiatiDii Out path 
luw ml nnpiovLrl iIiliiik.iI tlliiiiiiix has httii rhi [ 1 lsii>ii dI a r iniliiuiniis ion 
LxiJiaiijiii s^mn 1 Out surh ilisiL^n whiili has lutii inmnuiii.ilU siuLLSsiiil is 
ilhisiialttl l)> ligiiiL J() Oni itasnii Im iis slow atitplanii has luin Mu 
iinpioM iiiL 111 III (liLiiiKal II iitiaiioii LlhiKni\ rhioLi^h opLiatiiu) ioiimii 
tiiinal nulls 111 a 1 oiiiiu n in 1 tnl 111 unit 1 I hi Loriliiuioiis 1011 ixilian^i iiiiits 
ait i iinsirit lahk 11101 1 sophisluakil Mian Mu loini nliiin il liiiiIs anrl talk 
ritsi^iis wiiL olun uniLhahk 

Powdered Reilne 

\nol 1 ui nnujiu kpi of inn 1 \ihaii|>r s\su 111 iiuoIms tin ik])nsiiiiiir ol pin rhieil 
1011 LXthaik>c icsiiis on Mu sinlaci oi a sLpliniii\pi fiJli 1 1 lu powikuil 

It sins .lit a niixtim nt it^tiinaUMl lalinn and anion iisiiis so Mil\ Iiim sonu 
lapacity loi pickup of joiiic mail rials hui Muv also ptiJoiin as cxctllcni hllcis, 
hndin^ MipmsiKrs idLall> to the hliTaiion nl iililil\ plant cnnrltnsatc Such a 
null ilhisliatfil b\ ll^LllL 12 127 oflcis cost savings o\ci umveiitimial 11111 
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Figure 12.26 I \|iii al ai ni r>f a lOiiiiniiiMis idii [ xihaiif^t s\sil iii 

(C of Hipisln !• ngiiuering Compariy ) 

excliaiigc lulls witii LXttTiial 1laiion, paitiiulailv ishiii handlirifv iiiiilLar 
plain inniUnsale islieic s|xiiL it sms miisi lx dispose il oi luuausc cil iadio.uli\e 
ifiiilamination 1 he volunu to be h.iniiltd is frt-iieiall) inmh kss with iht 
prmdcitd icsiri ssstern than widi ilic pat kill fohiiniis 

Iitiallv, III ihi piepaiatinn oi iiliia puie ivatei for suih sciviiis as liansistrii 
manufaitiiic, sjxiial inn exchange designs ate used wluie the ion txihaiigc 
niateiial is in laiindge loini anrl is expendable A high puiitv svstiin ol this 
kind might inilude a piimaiy ileiiiineiali/ei lollowed In an evapoialor, with 
the distillate being picxesstd thioiigh ion exihange taitndges and filieied 
through mcinbiane hitlers at Ihi point of use The many Jaiets of ion exihange 
lechnolfigs cannot be explnied in a general text on walet tiealtneiil such as 
this The produLtirin of ultiahigh punty water and selective ion exihaiigeis ate 
nnl) two aspects of interest to watei iieatment speiiahsis that lequire then own 
held of lileiature But one hnal item of special iiilercsl that deservi-s ineniion 
IS the availability of an ion exihange material having both lation and anion 
exchange sites on the same polvmer backbone I hese sites are weak eletttniyies, 
50 they may be regenerated to then weak acid and weak base loims with hoi 
water 

This fOf inula foi such an ion exchanger may he represented as 








1M 




Hgurs 12.27 Piiwiitiid n sin filuaiinii systt-m ( ur.m.i\ shimiri(r intcin ils nf imulpnsdie 
pnlishiii^ uiiil (tnp) fypiLiil inslalldtion nf fiJlPi unit skid ninunted (IhiIIuih) (f of 

twia-oei Jiafn- ( on/iitinning ( om/w?iy) 


anil Lhr Lxchanf^t iLaitinii with Na( 1 in soliilion is 


Nil, 

_R—R_R_l| - + Na( I 

I 

coon 


NH/C I 


—R- R—R—R— 

1 

C OONa 


When the resin is ngeneiatcil with hot watei, the NH, f^rriiip becomes basic, 
and the laibnxyhc gioup lelunis to the acid ioini 
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Nil,"—Cl NHi 

I I 

_R_R_R_R_ -» - R_R_R- .R_ + N.l( I 

I I 

( 1)011 

\ silumidlK dki^iain showing how *111(11 a icsin nia\ hi* used in a iniuinnous 
1(111 cxihaii^e syslrin loi WriUi desaliiiiilujii is slinwii in li^iiie ] his 

pifxess ina\ make il possible to use low-^iade mdiistiial heal sounes hiiii- 
fuialh loi tliL fiisi liiiiL 1 his pirictss should hitonu ioni])etili\( with oihei 
desaliiiaiioii processes wiih wliiih il is tiiinpaiabh in Mild and ptodiiciioii ol 
te)eLi biiiie 

EVALUATION OF ION EXCHANGE 
RESIN PERFORMANCE 

Although walei is knowii as llu iini\eisal sol\i iii, iiidusiilal ^l.irh ion i \i h.intr( 
nialeriais aie 1 elaln(l\ impt nioiis to it llov\t\ei i m lain (hatii>[ s apj)iai in llu 
ton LXLh.ini^e inaiLiiril duiiin; iis IiIlIiiik. as it (\ilts liom ii/ftniiatLd in 
exhausted foiiii, and useis ol ion cx(llan^( inatiiials shnulrl hurli;i i hu a ii 
plaienieiil oi aboul lO'r p( i seal ol tatioii iism and I’D'! pi i \iai of anion 
lesin 

Capacity Variance Normal 

\ siii|;lc ion (.x(bailee unil opiiaiin^ on a loiisiaiii ipiahis infhunt will slutw 
saiidiioiis in 1 apacilv liom oiu luii in anoihct basit.ilh dm to in.ibiliis lo 
aihirse pel lei I flow disti ibiition with a Hal wa\i lioni lhiouL;h llu ion ixihan^i 
lied Diviaiioiis of J0^7 laih imIi aie noi unusual \ suads lalloll ol lapai 
il\, liowesei IS a m.itlei of leal loniefii iK'iause ii iiia\ Inwei t film ill r|u.ilits 
detie.ise theinual ulili/aiion elhiieius, and nitiki ii dilhiuli loi iln o|iiiaioi 
to pi Opel 1\ (onlioi llu sssltm 

A simple iiason foi loss ol Liipatits iiiav bt lost inauiial rliic lo exussivi 
baikwash, ilsiii flolalion indiuid In llie piisiiui ol ^as oi \aprii in llu w.iiu 
dining baikwasli, i»i loss ihiouf;h an iiiiLina] disiiibutoi rhie lo mi iliaiiii.d 
failure So, ubseisatioii ol the bed and a peiiodu me.isuii ininl of bed le\el 
alwa\s done aflei baikwashin^ and diammt^ at tin end ol ihe Lxhaiislioii 
peiiod, is llu liisl sit.p 111 iii\( slig.iling lapacih loss If ihi bed is nol ll.il llu 
lauses rd rlislLiibaiiies that ireatt ihe unevenness in the btd should bt in- 
sesligdieil While the ion e\i harige bed is optn foi iiispeLlion, a loii s.iinpli 
shnulil be taken for examination A oiu iiuh dianuiei loppei liibi m (onrliiii 
w'llJ exiiail ample inalenal lor exammaiioii 

Most lapacits problems lan be aliiibuted lo diitv ion exihange beds, and 
this IS usualh (atised b\ im|)iopei baikwasli loi adiiiuali (leaning, llu bid 
should be expanded until ii is \eis dose lo the baikwasli olltakr in llu lop of 
the ion exthange unit, and this letpiires ail)ustment ol llu baikwasli as watei 
temperaiuie diaiiges In iftiii, dot mines ai a highei xelodh ihiough the 
lied than it diK's when it reathes the IhuI suiKue and passes iiilo the fieeboatd 
spate abuse the expanded bed 1 his is whs il is iiiipoilant dial ihi (xpanded 
bed rcath sen closelv lo die lesel id the baikwash offtake 

tveii when How tale is arleqiiaie, backwash time may bt iiiailL(|iiale Ibis 
IS partitulails true of anion resins, whiili ate iorrmioiilv baikwashed at a flow 
rate of aboul 3 gpni/si] ft 11) 12 mVtiiiii/im) loiiesponding to a use laie of onls 
aboul 5 lii/miii (12 7 tm/min) fi the lieeboaril is 30 m (0 70 iii), whnh is (om- 
mon. it will leifuiie at least six iiiiiuiles hefoie the stiilaie id the bed lias 
expanded to the baikwash oHtake, and arlditioiial lime must lx; allirwed lor 



la-ai 


TABLE 12.10 8«qiMnc« of Slops In Rogonorotfng ■ MIxod Bod Domlnorollxor 

1 Bitikwash In sc-iMiiiii' rrsiiis with iip|jei la\ri nl aiiinn lE'sin riiiil liiwt^i iil laiiini ri^Mii 

2 Sculp bed 

i ominciiic Icfiriii'idtioi] wiih atitl uplliiu ihinu^h iiilioii bed, lausiii rliiwnlluH 
lliiDU^li aniiin Ixri, .inri s|>ciil liqijni i4ilhdi.i\in aL iiiuilatc 
I Disi rnitiTiiJP ihi’iiiiial liril anil llusb fccdliiies 
'i DisplaiL i hciiiual liiiiii ImiIIi ilsiii >iCfiii)iis 

b Iasi iiiiSL laiiiin scilinii wliili tniiUiiiiiiif; rlisplaicincril nl aiiinii scLtinn 
7 Rinse rinwiillriu ihinii^h hnih scilinns 
iS Diain vxiiUi finiii liiL'Iinairl to 1 V'ahnxL Im il 
'I \il iniN limn linllniii In lliiirli/i IhiI 

in While an inixiiifr, ricwaici lied ihinugh diassntt al ihc nilcilaic cnllciini 

11 Kilill iinil sliJVvK llniuigh hnllnin ilisliiliiilnT 

12 linaliinst dov^iillnw nl aiicpiabli i|iialil\ 


ilu* siiliils au iiinulairrl williin llic lied In he washed fier and disihaiged fi nm 
ilu iinil 

1 111 si'innd iiinsi iiiininiin laiisi nl inalii fap.uiiv is iliainicling, whiih tail 
he rlLleiicil laiiK i cli.iliK hv ilu siirlaie apjieaiaiiic II ihc siiilaii' is inuntMi, 
It IS lirl]ilul In pinlic the siiilaii il iluic is a siipjioiling hrrl beneath the inn 
f \( hangr nsjii. In sec il tin siipfiniliiig heil itself has been upset 1 he level 
Ilf till sii])pi)i ling bell 1.111 bi leadilv tell b\ pinbing with a stiff wne ni tnd 
Sniiie inn i \i h.iiigi units aie e[|iiippcd with iindeidiain svstems having siiaiiieT 
nn/^les, and tin pliiggiiiK nl thesi will r.nisi an uneven patiein nl distnbiitinii. 
iniinsinn ni.iv .nliiallv ilesimv thi ihieails nl tliesi nn//les and [.iiise them In 
hiiak nil, iillnwiiiLi a full llnw nl v^alei In mine ihiniigh the npemiig 
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Figure 12.2B UihnuiiDiial lesiii s^slMlI lin duiiiiulali/iiig hiaikish 
waiLM, using Iil.U Im iLgciuialiiiii 
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Roganarant Concantration Important 

liuniit*fl ilitMiiual appluriliDii is a ihiril iinpDiiaiil lausi* ol piuii irsin pri 
fiirnifiiur is an iiptnniiin (niii liih aiinn liii lmiIi .ipplnalinii su tin liisi 

sirp in iiiM^stijraiin^ this piiUMilial laiist' iii tniiihlr is lo (Irlriiiiiiir ilu iiiiiiniini> 
inrutMilraiioii nf aiii]^ (hritmal H this is ldmlmi. llu n llicir iim\ Ik* 

sonic* piiililcni in ilit* le^riiLiaiii flisliiliiilioii ssslriii ni in tvcrssivc rliliilM)n nl 
the iheniiial In^tueeii the ilisiiibiilof and ihe hi‘(l snilaic .is ii passes lliinn^li 
the iieeliiMirt In pi nmole pistnn-likr Hnu dm intr ir^enei.ilion, llu* 1 1 ni'i.nil 
disliibiJtrji sboulfl be no mote than ibiee inibes above Im*(I li*vel 

Detection id le^eneialion |iifihleiiis is iilalivelv rasv b\ lollnwin^ an iliilinn 
study dining llie ilieiiiu.il in|eiiioii petiod Samples ate laken Itnni die boiinm 
colic*! toi ai lefiiilat mieivals, the solution slieii^rli is measmed, ami die slieii^tli 
IS plnlicLl veisns time on .i ^lapb lit’iite 12 2^1 slinks ]iiini eluliiai [li.nai 
leiisiics, with .III uneven \\a\L limit passing ilowii ditoui^h die bed dmm^ 
legeneiatioii, evidemed by excessive ililiitioii ami rlt|Miliiie limn piston diS' 
placeineiJi ibaiac leiistii s (aitve H shows die same mill .dtei loiieilioii ol die 
I c'f'eiieialion |)i ni i*dm e 

II none id these laitors pioves in be thi cause ol faullv peiloimanie, ii mav 
be that die eHliient cpialits is siinplv lieiii|J s|ioiled bv bypass id law walei 
ibioii^li a miiliipoii valve m the individual valve system diiecilv into die 
etflueiiL hot example, backwash is nnimallv .iccoinplisbed by iisiii^ law w.itei, 
and tlie hackwasli is led lo llu* bottom ol the unit to die saiiu poiiii wheie 
eiriiieiil IS nnimallv withdi.iwn A leak iliroii^h the backwash iijiiliol iiiiil could 



Figure 12.30 C«t'l-1\|M I I SIM 
(niilaimn^ ,i lait^i ainnuiil id 
Innsi pii iipiLait, nidii.iliii^ nil 
piiipri li.i(kw.isli 1 Ills I iiiiiliiirni 
IS lespniisihlL loi nicisl piub- 
leiiis Willi inn cxi li.iiiKi* sysieins 
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Figure 12.31 U.ulK n.iikifl t^f I 

npi USUI 1 his hi I.instil 

h\ iiiiiiii.il puci|iii.iU 111 iisiiiniii 
sIiinK ihi Iciiiii hiiii^ i.iihii 
Miiiiiiiiiii III hill /iiiliu units il 

|ll[SSllll IS siiililiiih llll.lSIll 



i.iiisi i.m w.ilLi 111 iipjuMi 111 llu ilfliiLtil If then is .i iiiiilhpnil xalvi in llie 
s\sli III this Uakaiif t.in hi \iiifiiMi h\ taking a saiiipli finin the i flint nt nf 
ifii nuiltipiiTl \al\( iiiiil niiupaiiiiL; ifiis in a s.iniplL hikLii frniii llu bnttnin 
luiiilii Ilf llu inn fxthcin^i unit lufint il .ippinaihis thi nuillipnit \iil\L 

i niiiiLi 111)11 

1 irsiii i li.nailnislii s max haxi ihatiy;eil in ]iTi>rliiL( pniii u suits Iht’ 

I han^i max lit .i plixsii.il niii xxitli llu ilixclnpnu ill iil tMtssixi fnirs, it max 
III L.nisnl hx llu ati uiiiul.ilinii nf fniiliiii; niatiiials on tlu‘ sin fau nl iht inn 
ixili.ni^i iLsiii willi iiuial nxirhs cniiiiiinnh fnuiirl nn llu i.ilinn it sin and 
ni(;iiiiii iiifitinial tiiininnnlx fniiiitl \Ml 1 nii llu pints nl iht aninii lusiii Oi, 
llu 11 sin siiiutiiK ilsill max liaxc luun ailaikcnl hx tin u.iln riixiinniiunl, 

Minsl ininninnlx lausiMl h\ llu pusrnir nl nvidi/iin; a|>t nts 

Troubleshooting Approaches 

SniiuMiiiiis, llu i.uist nl inuihli tan ht' nhsiixiMl hx usiii|> a 1nv\-pnxvci iiiafrni 
l>ni^ i>lass and t ninpaiiii||i llu irsiii saiiiplt laktii finni the uml with a s.impU nf 
lirsii inalciial uMaitu'cl linin tlir initial lesni sliipiiient This t^xaminalinii max 
iiximI llu |ii(‘sLni( nf (xtissixt liius, hat lined pailiiles, oi dchiis in the lesin 
mix ni inalin^llie lesm pailules liliistiations nl these sitiiatiniis an sfinwn in 
Injuns 11* *U) ihiniiirh 11* SI II xisiial nhseixaiinii tines not pinxitle iht i hie, 
thin a tnni))lLMt lesiii analxsis shniild he iiiideitaken I lure examples nl lesiii 
anaixses aie slinwn in lahlrs 12 II. 12 12 and 12 1.^ 

llu lalinii lesiii slinxMi in lahli 12 11 w.is sainpkil finiii a sntliimi /enliti 

snftLMU'i, and the analxsis is tniiipaierl In the analxsis nf new iiialeiial 

\ lexitw nl the analxsis shnws lliai ihiii aie surnifuaiii tlian^es liom nex\ 
inaleiial 1 uss in Inial lapatiix is laiised hx birakaKt nf ii nss-linkaKes in the 
pnlxmei wiih rnnseipitiil swelling, as shnwn hx iiu leased walei toiiient In¬ 
ti ease 111 walet leleiiiinii linm a Ixpital SS in ahniil hi) taiises a dinp in total 


Figure 12.32 luiiigaiutallx 
luiikil gil-lxpi It sill shiiwiiii; 
Ixiih ixuiiial and inliinal fniil 
iiig hai 111111 .mil sii niiiiiim In 
i|Uiiill\ (uiiliihiili in tills pink 
kill in iiniis 1 111 iciuil with 

II.SO. 
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Figure 12.33 Lvuiii.tl 

aiul inoi^tiiiii liKiliri^ nJ ^il l\|>i 


cdpaiilv from 40 kgi/cii ll In 2H kgi/tii il Sinii' ili\ wnglil lapaiilv (incasiiicri 
m me4|/f; ol cncii-diipfl lesiii) is alninst equal tu tvpital new lesiii, theie has 
been no loss ol ion exihan^e sues 

1 he shill ol the uel sueen analvsis fioin 20 mesh toward lO mesh inrliiaies 
eithei poor sdmp1iii|( (most ol the sample liom the bed siiilaie) ni |;iadual 
piodiiclion ol hoes I he larf^f pro|)OTlioii f>i *>0 mesh siifr^esis giarliial buildu|) 
ol piessiiie loss, whuh nia\ he allnting peitoimaiue 

Since the iiiLiease in walei leteiiiioii is caused In ait.uk ol ihc lesm siiui 
tine at the cioss-links, ihe water siipph should l>e examined lo deter mini the 
cause ol attai k In a hot lime zeolite svslein, a usual laiisc* is dissoKerl ox\^en 
Calais zed sodium sulhie mas Ik* applic'd to lime-lreau*d watei ahead ol the 
hirers and zeolite solreneis, and also to the le^eneiaiil brine I his lesin will 
continue to |)eiform well to a watei Telentioii lapaiils ol about 70't lemoxin^ 
the cause ol attack will delas ihc time when this point is icached (.are should 
be exercised in bac-kwashing, sirue the lower densils, swollen lesin expands 
more during backwash than heasiei, Iresh lesiii 

Anion lesms aie f^eneialls much inoie sensilise lo dcgtailaiion than lalion 
resins, parliculaily ihioii^h irresersible locilm^ with oi|>anii maierial Ihe 
or frame matciial mas base been pieseril in the oiif>in.il watei suppls, but it is 
oiten ihe accumulatioii of hTeakdown piiidiicls liom .itlaik ol the lalion i esin 
prei edinfr n 

T.ihle 12 12 shows die analysis ol a siion|rb basic anion resin lioin a de- 
mineializei ssslem where the loss of the sall-sjiliiliiifr capaiils is \eis esideril 
(Sall-sphttinf; is ihe ahilily ol ()H-loim anion resin lo consett a soliiiion ol 
Na(d to NaOtl ) 


TABLE 12.11 Citlon Rsdn EvaluaMon—Blyr^nv-Sulfonlc Acid Typa 

Sfiiiipk IvpiLtil \c 

loial lapaiiis (1(0 

meq/iiil 

I 27 

1 H 

iiich/r 

4 0I> 

1 *) 

k|;i/iij It 

2H 

10 

Water rrienlimi Lapatilv, 'f 

bO -i 

^>3 

Wet screen analysis 

^ letained rin Ib mesh 

1 2 

1 K 

'>4 relaiiied cm 20 mesh 

14 1 

ri-4'? 

retained cm 30 riiesli 

20 3 


letairied nn S’? mesh 


7 10 

'/4 lelained un 40 mesh 

II 3 

3-H 

retained cm 30 mesh 

19 1 

2-^1 

^ rhrouf^h 50 mesh 

24 

O-I 


IMS 


TABLE 12.12 AnIon Rsiln EvaluaSiin 


(]h»racteii.stic 

Sample 

Typical 

Tntal capacity ('LL.): 

ineq/inl 

1.17 

1.4 

ineq/g 

2.4.T 

S.O 

kgr/cii ft 

2.5 

30 

Salt-splitting lapjcity, ol 1. 

17 

05-100 

VVcitei letL’iitiori capacity, 

30.0 

3fi- 12 

Wet suet'll aiiaUsis 

''r lelained on 10 iiu'sh 

0.2 

1-3 

V lel.iiiieil on 20 iiiesli 

0.2 

20-30 

retiiined on .it) iiiesli 

IS.ti 

4t)-.5n 

lelaiiu'il on .‘^5 mesh 

3H K 

1.5-2.5 

*/( iiM.iinerl on 10 iiiesli 

14.4 

3 10 

S' 1 ei.iinerl on 50 mesh 

•1.0 

2 5 

through 50 mesh 

2 7 

0-1 


I Ins sample* shows mcasuiahk* loss ol uxchaiii^L* sik\s anil severe loss ol sull- 
spliiiiii^ lapacits. K\c*ii il ilie watet beiiij^ ittMieil has a low ratio ol weak acids 
In loial aiirls, this retliiition ol salt-spliltin|> caparils is iindinihtefllv produciiifr 
short servile niiis. I he lesin appeals lo have reached the end of its useful 
life. 1 he water siipplv should be cxainiiied lu determine whether this iviie of 
anion lesin is applicable to this plant. II so, plant reiords should be eTiaiiiined 
to deteiiTitne how lon^ this ic\siii has been in serviie. After replaceineiil with 
new lesiii, a pi obtain ol annual fesin evaluation should be instituted to plan for 
peitodii resin additions oi leplaceinent to inaiiitaiii uniform operating results. 

Although streen aiinlvsis shows a shift from 20 mesh, there is little eviileiice 
of lines. Opeialiiig pioblems ate due lo loss of resin lapacitv rather than lo 
li\ilrauh( problems laused b^ change in pEirtitle si/e. 

rite analysts ol anothei type id strong!) basic anion re.sin is .shown in Table 
12.LS. In this analysis, rediicliiin in total capaiits is msignifieaiil. Loss in salt- 
spliiiing lapaiiiv. while measurable, should lause little change in operating 
lesulls. since exihaiige lajiaiil) is in the 10-12 kgi lange, and salt-splitting 
Lapacily is still approximately 20 kgr. '1 he highei the pei tentage of weak acids in 
water, the more pronounced will be the reduction in exc'hange lapacilv as 
salt-splitting Lapacily is lost. Analy.sis shows the resin is in good physical and 
chemical condition; the plant should be performing up to capacity. 


TABLE 12.13 Anion Reiln EvaluBlIon 


(^hararterisiK 

.Sample 


loial lapacily ('IT'.): 

nieq/inl 

1.10 

1.3 

iiicq/g 

3..57 

3.2 

kgr/cu It 

26 

2H 

.Salt-splitting capaiiiy. ol I’L. 

75 

05-100 

Water 1 eleiition lapaiiiv. 'r 

N.I). 

44-4 K 

Wei SI reel! analy.sis 

retained on 16 iiiL*.sh 

0.2 

1-3 

% letdincd tin 20 inesh 

10.4 

20- 30 

% retained on 30 mesh 

40.1 

40-50 

reiaineil on 35 mesh 

16.0 

1.5-25 

% iL'tained on 40 nie.sli 

ID.t) 

5-10 

% retained on 30 mesh 

4.0 

2-5 

% through 50 mesh 

0.4 

0-1 


1HB TIm NALCO Water Mandbooh 

TABLE 12.14 Nni Eateianga Evalaa E on Bultonic Raaln, Bodtem Fomi 

Total exrhan^ rapadi)’* 

% nf original, when roinpleiely 
rleancd 71 

inc-q*/iiil (wet) l.:)4 

kilngraiiia/cu U 29.2 

Sail splitting caparity* 

% of original, when lompleiely 
rleaned — 

mec|t/nil (wet) 

Small column rapacitv* 

Weak arid resin, % nl original, 

when completely cleaned — 

kgr/iii h — 

Weak base resin, Vf ol original, 

when rornplcteh clearieil — 

kgr/cu li — 

Metal ciinlaniiiiants aiiaUsis 

Elenients (g/m It) as siiih 


Irim (Tpj 

20 

Mdgiirsiuiii (Mg) 

— 

.Silira (Si) 

20 

('.all Jinn ((^a) 

- 

Aliiniiiiuin (.\1) 

21 

iiariiim (Kaj 

1 

Maiigant'sc (Mii) 

2 

Slioiiliiiin (Si) 

1 1 

C^hiumiuni (O) 

— 

/im (/ri) 

— 

Copppi (Cu) 

— 

t.lilininr ((.'!) 

:i 

Niikd (Ni) 


I*lni>^[))ii»iijs (!') 

2 


('nndirion nl resin 

Cheinual Tan 

Physiial Veis |khii 


* mec|/inl X 21.8 kgi/cii It 
1 ()]iliiniini lapuiilv (iitii upmuing lapdiii'vJ 


Water reienrion Lapaciiy, 

02.3 

Microscopic examination 

Beat! .si/x 

Noimal 

50 

Targe 

— 

Small 

50 

BrukiMi bearls 


50 


Various Uirms ol analyses are iislmI lo cxaliiatr ihr |H‘t lorinaiiLi' and cliarai- 
teri.slirs ol ion exchange inaierials. These t.ihles list ihe snecii analysis in delail, 
but ilii.s is selclom rcH|uired. Soineliincs ol ec|iial iniporiaiue is the (Tinipnsilion 
ol materials coaling the resin siirlaL'e or louiiii liHise in ihe resin heel, lahles 
12.14 amt 12.15 arc repicseruative analyses ol ration resins iiicliiiling an a.ssay 
ol the iTud ronianiinaung the re.sin. In neither ra.^c^ was a sample ol ihe original 
material provided, hiii observation indicated ihal ii was the typical sullonaled 
styrene cation exchanger u.scd in most indiisliial appliialions. 

In the rase of 'Table 12.14, the analysis shows the cation resin to ht^ in ponr 
physical condition, hut still having an atceptahle chemical i umpn.sitiDn. 'There 
has been an inrre-ase in water retention lapaciiy from a normal ol 50-557(, 
showing some decros.s-linking, hut this has not yet reached serious proportions. 

The re.sin sample was observed to he mixed with large amounts ol liNisely- 
held particulate matter and fouled with organic substances. The nmtamiiianis 
on the resin include large amounts ol silica, moderate amounis ol iron, aluininuni 
and strontium, plus small quantities ol manganese, barium, chlorine and 
phosphorus. 'The accumulation of particulate matter within the resin bed sug¬ 
gests that higher backwash rates may be required to improve performance. 
Tests of the resin indicated that rapacity loss could not he restored by any 
chemical cleaning procedures, and the loss was caused by the contaminant.s 
found on the resin. In this case, even though the resin has not undergone 
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extensive physical def^iadatinn, since il cannot be (leaned, replacement is 
recommended 

In the next example, labk 12 1 * 3 . the cation lesin is in fairlv ^oiid ph)steal 
Londiiiiin but vtiy pool chemical condition I his cation lesm is also mixed isith 
large amounts of loose paiiiculaits and is coritaminaud svith exttemely high 
1 oni LiiiralJiJiis ol lion large amounis of rhioiim and phosphorus and rnodciate 
ainrmnls of silica and coppci 

1 he walti ictcntion lapaiitv has iiuicascd to 71 K'/f al which point the 
malt rial is ixiitmtiv light rlilficull to coiiLaiii during backwash and subject 
to calls failciic at an unpicclutable time The capaiiis is so low that the icsin 
IS csscntialh ol maiginal value and shoiilcl be riplaced al an caih dale 1 he 
loss in (loss linkage should lie iii\cstigateil this paiticulai system is npeiatiiig 
on a municipal suppiv and lice i him me in the scippb waUi should be 
me 1S1II ed 


TABLE 12 15 Ion Exchongo EvaluiHon—Softonor 


ol ll 1 \i 11 ingc 1 ipaiits * 


UllLl 1C LLlUinil C ipiLltV 

71 H 

‘ III iin^iii ll w 111 II 101 II 
1 h III! ll 
nuq /nil (wi i) 
kiln^i iins/iii ll 

ipkli [\ 

tH 
n ni 
ms 

Nfii 1 list opiL c \ 1111111 moil 

Hl III Sl/L 
'r Noiinil 
'f 1 llRt 

80 



S Sill ill 

20 



hi nki 11 hi ids 




f 

J(1 


MlI ll inni iniiii nils 

111 ih SIS 


ll 111! Ills (^/l Ll 111 IS sill ll 




ll nil (1 1 1 

J7n 

M i)^iiLsiiim (Mg) 

— 

Silii 1 (Sii 

ll 

1 ill mill (C 1 ) 

— 

Miiiiiiiiiiiii ( \l) 


h Cl 111111 (h ll 


M iiij, nil sc (Mil) 


SiiDniiiiiii (Si) 

1 

( 111 imiiiiiii III) 

1 

/nil (/ll) 


t nppL 1 [i ll) 

J(l 

t IiIdiiiu {i 1) 

IJO 

Nil ki 1 (Ni) 


Pliiispliiniis (P) 

71 



1 L id (Ph) 

2 


( (iiuliUfiii III 
t 111 mil il 
I'lusii il 


\ l I \ |IOIII 

rofii 


* nie 4 |/iiil X Jl H kgt/iu ll 
t Opiiiiiiini eap.uiiv (iiiil oiMiiliiig capaiitv) 
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Chapter 13 
Neutralization 


\ii(l basL iL lUiDiis III <11111)11^ till niDsi pTi.\iiUiii i>l iIil lIuiiiii.iI |iu)itssis ustil 
in u iiii f iHiililioniiii) It IS lin tiiii.iii iliai iniiinuiruilK n iil ihli .uiils inrl hasi s 
11L 11 liUn i In liiNN 111 i iisi I \pii il i osis ol mils iiirl h isi s iisi il in \n lie i in itiiif iil 
(111 shruNiiiii lahli M I uhnh ilsr> iiitlji alt s ilii iilitiM \ ikit nflhtsi inaliiials 
on 111 ((|iii\ ill 111 basis 

In iilililinn 111 ibi SI iliiiniiils llitii in i hi niit il wasiL s ha\ in^ 11 sirlual at iil 
ni bast \aliit s ill u i an 1 h nsi iI bn lu uliali/ilinn in n\ isii inatniini Ini i\ini 
ph pK klc lu|iiui hnni iht sit 1 1 iniliistiN is iisiliil bnlh Ini its anil n iliit anil Ini 
ihi 111)11 il I mil mis IS i iiiii;iilinl sliiil^i liniii liini soil i wain snlunin^is i 
L>oo(l soLiiiL fit alk.ili loi 111iili.ih/alinn nl anil wasus 

Ibn^iiss ill lilt nt nil ill/ilmii ol in anil in basi is lasih nu tsintil b\ j>ll 
VIowLNii ilu piailiialiiN ol nsin^ jill in loniiol tin lu iili ali/alinn iiaction is 
iriiatb inlliuiifiil In ilu biiHii i.ipiniN ol ilu w.iiii I m txanipli il is iiiLiih 
lasiii lo 111 iiti ili/t an iiiilii wasli loiil ilnlll^ hvili ni him ii anil to a pll ol 7 'i 
wiili soiliuni Laibontu ibaii wiih laustu snila 1 liis is illiisii lU il In li^iin I ) I 

licaiiii^ an amlii wasitwaiii inn bi iclaintb lasv Inraiisc ilu allowabk 
L IMiii 111 pM i.ini^i IS lank bioad Lisualk llnwiMi, .icl)Lisinunl nl ilu Sia 

biliiv IiuIlv nl a NN III 1 it i|ini is lonii nllin^ pll inaialhti naiioNN lan^i so the 
1 ipnptiiL111 lin birlinir .mil m alk ill In aihiLM i spiiiluil SlabihlN liuk \ in 
piiiLtss watLi IS 1^(1111 alls iiiini sopliisliialt il than i i|Liipinr nl iiseil in a N\aslt- 
watn iiiatinini plant 

EXAMPLES OF ACID-BASE REACTIONS 

1 he imiLninii of ilu StabililN Index with lime is shnwn m lij^nii 1 \ 2 . 1 his is 
a iL'lativek ininninii pinbkin, altlioiifitli linu is iini al\Na)s used hetaiise ii is mine 
dilbiull In handle than liquid caiistii m snda ash When used in laifre quantities, 


19-1 



1M in* MttfiO Win* 

TMLSM1 A<M—<Ali1lCW««fcrN»rtMteH0li 


( hiinual 

Speciiudlion 

C usi * 

e/ih 

F qui\ 1 tisi t 
$/lh tqui\ 

Sii/lunc Kid f/l Sf), (Oii ol VilnoD) 

hh H( -!)Kr 

2 m 

1 hi 

HvdriKhlfHir iiid (IK 1 tiiinn jUl iiid)| 

Jir Bt - 

1 HOt 

J 12 

ImicstiJiK (( i( Of) 

J()() imsh ‘IKr 

n itk 

n 22 

Quickliiiu iCiiO) 

1 limp 

j 

1 7ht 

0 7U 

1) Ti 

Hidi ire r/ /irtic f( a(OH) / 

PiiJv MV 

2 10^ 

0 

Vidd ash f \ j ( OJ 

ll/r|l| it) NiO 


1 rri 



J 

2 IH 

( IIISlIl SIJll 1 (\ iflfl) 

/)m 

/ » 

h 20 


l)r\ 

J t >! 

J HII 


>1) r ll(]lllll 

H O'f' 

i 2(1 

Aiiiinmii 1 (Nil ) 

1 l(|lllfl 

II 

1 H 


* ( (I'll IS Kill II III i( Ills pt I |Miiiiirl III pi imIiii I IS sliippi il mil iiii luilini, li iii'hl t m t pi 

hii li(|iiiil L iiisiK %%Ik]l Liisl IS ^ Ih NlOH 

^ C list |Ui Ih ic|ui\ ill III IS ftIWi > lli/lh ctfuiv ili iit Ih (.i|iiiv ilc iii is i Ih iiuili/v ikiiti 

i Hulk fust 111 link i iis link liiiiks ut liupiif.! t ns 

( DSI 111 h if>s 

^ I nsl in ill iinis 


It IS pill c hast cl IS ptbhit lime (c|Ijic klinu C lO) incl slikirl lo ( i(()ll) \ t\pi 

cal ktflmg s\sUm IS shtuMi in I ii;iiii IM hii’iiii M J shows iiii ihiil nl il irlili 
tinns ol liim in a waUi ut]uiriti|[r si thili/diioi} I he hr si iiiLitiiuiii of h ni^ 1 is 
added for ncutiah/aiioii of ill of iht ( additioni1 linn ihiii (oiivtiis IK C) 
to (O in sucitssuc sups 1 he iisiihin^ pfi mil Slahiliu Inrlix ii i uh iii 
lieiiunt is shown iii the saiiu tahuliLioii Ihisi diiri iil ploliirl in Ii^uil 1 1 1 


pH 


mg/l Qlholi added os CoCOj 
Figure 131 Niuirali/iiion of nnJii wasli 
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Figure 13.2 ( miiiiiiin nl iiuIl\ with Imit (hmI Si ibilit> inilix (S 1 ) iil 7 II 


Assuming ihc ^o«il is a Sialiilii\ Liiikx iii 7, ihi ^lapli shuws that this laii be at- 
(i)m|i1islii.d with appi rixiiii.ilL l> 1 ^ mg/l lime as C a( O* icsiiltiii^ in a pi I ol ap 
pinxiniaiih 0 I 

I he r i|iii\ali 111 wrij^hliil ninimci ii.il lime C atOl Ih] is appi hxiinaleh 10, 

SI) tlial lime as laltiiim taihnnaU iimlliplitd b\ OK j^ixes lonimcifial lime 
1 equii tiiiLiils 

\ni)lhei example of StahiliU Index loiietlinii is the ledmtinii nl the scaling 
tendeiuies nl a liiiu-snlieiied vsaiti, hIiuIi iisnalh lemams siipei satinaled with 
lalLiuni Laibnnaie eiin allei liltiarinn Ihe i niiiiimn piaitiii is tn leiarbuiialc 
hv iri|eiiinii nl C (h fjas allei the sedimcntalmn basins anrl ahead nl hirers (see 
Fi|;iiit Id 5) IlnwLSCi, the saint elicit tan beaihic\ed h\ the leediiif^nl sulluiit 
and (see Pi^;iii e 1H 6) 

Ihe Tcsiilts nl siiHlitk and addilirin and ieiarbnnaiinii aie maikedlv iliftei- 
eiil, as shnwii b\ Figtiies Jd 7 (rr) and (b) Ihese ait ininp.iied iii Figure l.S S 
Hcie the safet\ leaiiiies and buffei lapatih nl letaibniialinn ait apparent when 
Ihe goal IS siinpl> in inn ease ihe Subilit) Index abme b 
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Figure 13.5 Sihcnidiii rlia^i.im cil uaiti Him ihiDiiurh iiuaitMi- 
iiaiinn hasiii tlemmisii jiiiij' him bubblrs ait rhlllist'd b\ 

lilt* subini'r^L'il iiiiiibusiiiiii Iuiiiili al ihi* iMiiiiini iil thcr basin, 
and llicii turtliri dispri slmI b\ llii- ualri Him, Riving iipiitnuiu 
ahsmpiioii iinu' fC ttyrftsy of ()uitft-j\Jahuinng (.uniftany ) 





Figure 13.7« LuircMhon of stability indnk with C fmarbonatinn of limt solicnrd 
waler) 
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Simple thaiif^rs in waUi alkdlnnlv oi aiiiiily uiLhout ie|;aid in Slahility Index 
Lciitti Him aiL easily lakiilaietl the iciluLlirm ol alkalinil>, such as applicalicm of 
ami In a sodium /enlile elflueiil ptioi to its use as hnilei feeclwalci, ie[|Uiics the 
addilinn nl I mg/l cummeiual bh'* Raumc siilluiiL ami fni eaih mf>/i nf alka- 
liniiy ledudion needed An iniiease in alkalinity lequiiis ihe arlditiun ol OH 
rn^/l laustii or lime for eaih mf^/l alkalmily nut ease iec|uii( d lliese (hanf^cs in 
alkalimly aie laUulated on the basis nf lakiuin caibniiale e(|ui\alcnls and dien 
converted to tin ec|Uivalciil weight nf ihe cmiimenial alkali ni acid added to the 
system 

POTENTIAL ENERGY SAVINGS 

An example of the ieduction nf alkalinity wilh ami in the trealmeiit ol boiler 
makeup is shown in Figure IS Q In tins case, the alkaluiuy is added lu the 
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Figure 13.B ( niiipiiiisnii ul 11 laibniidiirui in andifii i 

iinii 1)1 liiiiL stiltciiccl lIIIluiU 


]iiak.eii|j s\sit 111 alucid iil iht /lmiIiU Ihiic is snnii iisk in siuli .111 opi 1 ilinii 
liCL.msc It iLijUiiLS lmcIIliiI iiiiil U il anil imitinl L(|iiipnuni ami |iinliitii>ii nl 
lilt piping htlwiin ihi iiijiilinii piiiiil ami llii iliai 1 .ili>i, siiui iniirisiDn iniilil 
inlindLuc iihjc (tiniiahlt 11 iiii Nimixri riliin llu Kiiin m iiilmtil hlnurlnwn 
wilh Its atlMulanr lual saMii^s |usiiht-s tiu iiisl.illiilinn iil siiphisliL.ilt d 1 i|iii|) 
iiU‘iil lhal 1 fill all oinplisli dust it suits iisiii;r a hasii sxsUin .iliiadv 111 npii.itinii 
ill die puwei plain 1 lit 1 isk is niiiiiiiii/Lil b> alldlll^ dit and aht.id nl lalliii 
dull (Irmnsiicaiii id die /eolitt sidieiit 1 sintt dit smlitiiii /tnliu tnuld pii k up 
hvdifjgcii ifiiis Ill die extiu nl atLidinlal meikid id aiirl 

An opeiaiinn id tins kind, aiirl e\tMi less sensitixi sitiiaiiniis i(i|iiiits ihi in 
stalldtinn rd piupiilx rksi^iuil Itcd sxstiins to avnid llu 1 ousti^uiiii ls ol ovti 
nr iifiiU i-leeilitif; (11 id Finnic rHi illiistiatts a s\sti 111 dial lan haiirllt llu iluin- 
iidl injetlinn pmlileni In piopnitionint^ tin Mow id rhiniiial In ilii Him nl wain 
tn he tiealerl and iniititiii^ llu hasii dnsa^t widi a pll iniitinllti wliuli 111 
this idse ad|iisls llu slinkt ni die pump In diis s\sltm, lluit iiiiist ht aiktiuali 
lag built iiitn the. iiiixiiig ihambii in wliuli thi pJl is iiitasiiied so dial llu ton 
liidlri tan iuiiclifiii prnpeik wilhnul ineiiiiling ni tinrli 1 riding wliili liiinting 
1ui die pH serpnini 

Inn exilidtige has been applii il in aiid-bast neiitiali/atinn pinblems 111 a 
iinif|iic wav Weak bast aninii exchangers and Ldrbnx>lic lalinn i xihiingei s have 
the aliiliiv to pick up acid and lelcase it as a iieiitial snluiinii in ireaiing a fhiitu- 
almg wastewalci which is peiindnall) aiidu and alkaliiiL II dit txetss liec acirl 
IS halanceil by die alkalinity, legeneiatimi is unneLcssai\, and nnK penndii 
backwash is needed In keep the s\stem operating Allhniigh mnie expensive 
diari a chemical leed ssstem Ini the same juiipnse, it saves spate and eliiniiiaLes 
the maintenance rnsis id cc|iJipmenl and iimlicds iiihetetiL in a ihcmical leetlei 
I his tvpi* ni system has l^een used tn ncutiali/e spenl demmeiali/ei legenciants 
Figute 13 10 shows the pH rcLoicl td the elHiieiil id an inn exchange neuiiali/ei 
m this kind nl service Although the pH fliiituales, 11 is kept within limits nl b-0 
usually spenhed in municipal sewei codes 
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I (1) If max boilL^ alk4.1init^ ^ 3Q0ing/imax joncontr ition 
IS 300/90 - £ 30% blowdown 

_i2) Alter alkalinity t^dUE^tXDiu max wilnc. la LH IcolunuD) 

_ _= 10% blowdown 

* Not including st[ean dilution I I I _ _ 

FigurslSO \lk ilnnii iiiliuiiiiii III h nil I 111 iki up 
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FIgura 1310 i h ni nl I'll 11 limit 1 iiiDiiiiimii^ till illluiiii hoin in inn 

LXihin^L lit iilr ili/i I ( inh 'i / ( htm t /)f / / t\ tht t tun ( ttfmt^ 




Chapter 14 
Degasification 


V\.iUm m.i\ f Diilaiii .1 \riiii‘l\ 1)1 f^ases iii soliilion as ut^ll as iiiiiit‘ials anil oifTanii 
niiUlci Bi'iausL nw^t'D anil iiilin^cii ait* the piLHliiniiiiani i^asL's in llir ainid- 
sphcii, siiilair wain r niitains tlirsL Iwn gast‘s (.aihon iliiixiilr is annthn inm- 
mmi alniDSplm ii ^ris, its i mu i^iiiiatinii vaiics li niii plticc In plan rlcpiMiilin^ In a 
lai^r t'xlnil mi iiiilustiial aili\it\ 

llieic IS ail iiiipiii l.iiil ilisliiu iimi btiwi'ni nx\^ni anil nilin^L*n nn iht niu* 
liaiifl anil i.itIjuii clinxiilr un llu^ nllici thr Ininii^i ilo nnl imii/c in walL^i, so 
l1iL'si‘ innU'iLilcs rxLil a ^as piessuii' in siiliilimi, laiboii ilinxirlr Initiis laibonic 
ami, wIiilIi imii/es in walt'i, so ihi1\ tbr innt-ai ti*il pau tan cxl'II a f^as picssuiu 
\l a pi I 1m‘1o>\ aboiii 4 ''i, all nl ihc C.Oi tlissoKril in wain is pirsnil as a ^as, 
abo\c abmii H a. all nl il is iniii/i'il Oilici cmnninn iniii/ini/ lease's ai l HjS, IK N 
and \H, 

Ibi* pinrlufls nl icspnation iiiHimiir ihi' cnnipnsilinn nl past's in wait*! In 
sill lair wains, al^^ar piniliiir nwgrii in flir pi rsriu r ol suiilijirlil ll 1 lml^h (hr 
plinins\nllicMii trailimi nl laibnii dioxidr and wain to pindiiir iai l>oh^ diales 
Hacleiia. on llie nihn hanrl, ulili/r oxvgcMi in iIilmi inrubnlistn and pinduce 
C^Oj I he aclinn ol soil baileiia IrecpieiilK pioduies high levels ol larbori 
dioxide in well wains, and deep well waiets aie usualU devoid of nxvf’en be- 
laiisr these haileiia have leiiioved il from the petiolatin^ ^loiiiid wain 

HENRY’S LAW 

1 he amininl ol gas dissolved iii watei is diieill) pioporiional lo ilic partial pies- 
sine nl that gas in the v.ipoi space above the watei/gas inleilacc I Ins is known 
as Heni>'s Law Anoihei inipinlani i onsirieralion of gas sniiibilitv is Dalton's 
Law, which stales that the Inlal piessiiie of a mixiuie nl gases is niaile up ol the 
individual pressures of those gases, and these aie in dim I i elalionship to iheir 
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inuldi 111 xoluiiit* 1 alios in iht \api>i spair lot txaniplt an luniiiallv Lonlaiiis 
akMiiit 80^ iiitiiigin and b> voliiini ami ihi slaiidaiil atmosphLiu 

piessiire is 7h() inillinriLriis ni inciLun Dalton s I aw stalls llial I In pciiiial pu s 
suit of (>2 111 ihi alinospfnii is 1niilliiiicK is ( 20 x 7ld)) and ihi pailial 
piessint 1)1 N is l)0h iiiilliiiic itis ( 80 x 7h0) 

Itnipeiatuit IS an iinpoilaiu iaiioi in |>as soluhiliU snliiliiliis diiitasis as 
t( mpiiatiif L iiuitasis 1 Ins is biiausi ihi imtiasiii/; u iiipc iaimc n stills in an 
iniitasinir \apoi piissuri of tin wain ilsill so that lsi apin^ wait i molt ink sat 
ihcr lir|iiuUi;as sin fait Join awa\ otiui ji^as mokiiilts 

A final lailoj iinpoilaiil lo tin solulinii of leasts in wait i is tin ililliisioii ol lln 
gas nioleinlLS ilnough watci I lit latt ol tlifliisioii iiniLasts with iniKasing 
iLiiiptiaiin i as inokiiilai atlivit^ iiuitasis and tin xistnsiis ol lln walti ili 

LliaSLS 

Ill tin itmox il id gas itoin w lU t tin mass iianslti piiniipks dial ippK U» 
llii pioicss ail niiilogoLis lo tin pinnipks of lit at Ii.iiisIli lln i ilt id gas 
tiaiisfii IS rlniitK pTopoitional in rlntt fiilrns is shown h\ lln lullowing 
equation 

O /sfiAP 

when O = i|iianril\ ol gas tiansli i it d (Ib/ln ) 

K — gas Mansfti toiffniint (U)/hi/sf[ fl/nim Mg) 
ri — .lit 1 (si| Jl) 

A/' log nil III diiviiig (out (mill llg) 

Mu gas liansfii lotlfitunl K is a iiiiitiinn ol both the spitilii g is hi mg 
iTansfi n I d and also tin gionntix id tin sxsli ni Xsnoudhilow lluu luxiii 
Oils shapid pat king nialt 11 ils ih U c in bt iisi d in p ii kt d iiiwt i s (1 igin i 111) 
lliiic IS dsovaiittx 111 lilt fU signs ol thllnsci tli minis ind iionii/iis \l llu 
liqiiid gas iiiUiJ itt ihtii is tssiimtd lo bt a lir|Liid him on oni suit nid i g is 
lihn on lilt nthi 1 ami ihtsi Idiiis iit ifftilid In lln iialiiu nl tin lit|iiiil iml 
tin gas with thin tombintd tJIttls iidlutncing tin gas iiiiislii unflifiini 
1 In ai f ft fat loi a is iht total sin latt ai ta 11 talt il in iIn ili g isiln iiinn i h nn 
hi I b\ paiking hx piodining niinifions fmi x> ilt i dinpkls oi hx tninmig 
mnmiL gashuhhks In tin last ol tfixvii paiking tatli si/i iml sh ipt ol pit king 
mall iial—last hig imgs htil snhiks spiials his .i rhliiiili ixposid ni.i \ol 
nine 11 lalionship 1 his i iiio iiiiit ist s is ihi si/t ol ihi p liking dim isi s hut 
so loo riots lln piissmc u qiin t d to loi i c sliipping gas ihi oiigh ihi paiking 
I 111 gas ilrixiiig loll t L.in ht i .ikiilalt d 11 arlilx fni mimoni/ing g isi s loiii/ing 
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Figure 14.2 Pukul inluinii 
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i^iiMN tilli II pi LSL 111 a (lilliiiili pi iilikin Ihiuisl iIu pll dI llii sLi iii i stahlislu s 
llii ilii>iii 111 iiHii/alioii tiiiil llu pll as llu i><ls is iiiimixciI 


DEGASIFICATION DESIGNS 

1 liL llin 1 i>)us 111 flit^.isiliialiiin mills i iiiiiiiiniih usliI hi ualii liiainuiil «iit 
slmw II 111 I i^Lii i s I I J HI ami 1 1 1 

llu liisl 111 llu SI IS .1 p.iikul sli jppim; limi 1 Wain is iiiii niliu i il alOu lop, 
somi imu s I In iJiii>li .1 spi «)\ pipi .mrl illcmLcl In pt 1 1 oLul llu iiii^h llu ]}.ukin^ 
air.iiiisi a i fiiinli 11 111 1 nil nl i;as oilu i lli.iii llu lx m[i 11 iiiii\ t il l\pu.ill\ an 
IS iisiil as llu sliippiinr ir,is In iLniini ilissoKnl ^asLs siuli as lailxm iliovulc, 
.iinniiima IimIi iiiii ii siilfiiU m mi lliaiii 

in tin siuiiul i>}n ol lir^asiliii ualii is <iloiiii/i il niln an nun ^as whuh is 
uiiiiiniuilK \Milulia\Mi as ilu sinppiil i^.is ka\LS llu w.iUi siiikui 


t 



Figure 14.3 Spia\ hpi iimmi msliI as ,i lU (rasiliti 
I Ins IS pi 111 dLsijiri h iirls iisi 11 In aiiiinixiia snipping 
in litaiing v^aslcwalri s 




Ill Lht? ihiiil lirsi^n, lliL' sliippinfi gas is inn ixliii rrl inin iht uati'i llnnugli 
siihineigeil rlilhisers, bubbles iis as a> iiptlnnugh Lbi'ujU'i, i.iiiMiigllit snipped 
gas iiui ol Llie aijiiuous eiiMinnnirnt iiitn llie .itiiins|jhrii* abuse 

I lie paiked snipping liivvcT is (iinimmiU iisrrl in lehneiies anil papii mills 
loi sleani stiipping ol sum inndensaies ligiiie 11 ’> shows a uliiiriv applua 
tion, and table 1 1 1 shims ihe aiialssis ol a sum lonileiisaie lieloiL anil aim 
sinppiiig I he sleain lonsuniprinn loi ihis opeialiun is very liigb, in tin laiigr ol 
0 5-1.0 Jb/gallon 1 he basic leasoii is ihal the gases being ieinii\t‘d ait loni/ed, 
so that they cveit onh a liaiOoii ol ihe puleiilial \apoi piessuii* lhal would ht 
asailablc- il [ill louhl bi piopi'ily ad|uslerl I nioiliiii.ilely, the aiiiinonia is hesi 
lenioved al a pi I o\ei 10 anil llie M.S and H(A aie best leiiioved .il a pll belim 
b, 111 the pll laiige of 7 H, these gasc-s aie higlih iniii/erl (ligiiie 1 I h) It can 
Ik' seen lioiii this lhal «i moie piailiial svslein loi snipping soiii i undensaie 
iiiighl be a iwo-slagt opitalion with alkali added h>i iiu leasing die pH lin 
ammonia leinoyal in die hist nmei, and atiil added lot lediiiiion rd pll lot 
snipping ol iljS and IK N m the set find limei 1 lieie aii' many olliei complex 
I ear lions (Htuiiiiig in a ssslein like this, loi exainpli, the loiinatiini ol iliio- 
lyanales and leiloivanides, luilhei lediunig du poltnlial lot gas siiijiping 
A similai design snipping column is used lot the \aiuiiiii cleaeialion ol cold 
watei, as illuslialed in I'lgiiie 14 7 In tins kind ol iinil, vaiiium is usually iie.iled 
b> steam ejeitois Sleani coiisuiiiplioii c.iii iilteti be inininii/eil b\ liaxing iwo 
stages ol snipping seilions in the same lolumn, wiih a steam |ei e|eiloi on iiiih 


TABLE 14.1 Refinery Sour Weter Stripper 



111 

Out 

Sulliiles, as HS. nig/l 

1H7(> 

f) 

Aiiimiima, as \11|, mg/1 

14 HO 

101 

C yaniiles. as C \, mg/l 

2 \ 

2 

Phencil, iiig/l 

102 

bi 

pll 

0-0 >5 

7 5 

Tempei at in e 

105 “! 

2S0"h 


Physiial Design Data 60 gpni llnw, 3500 llj/hi steam, 
tower diametei S'b", paikitig 12' uI 1" Raschig rings 
RefereiiLe API Manual 1969, Chapter 10, table 10-1 






Figure 14.6 Inni/aiion dI Hcak diiils ami bases in watei and its infliieniL 
iin internal ^as pressuiL 


Ions 















Figure 14.7 \ .!( iiiiin il( 111 ilin It ail ml pi Diliiiiimi npi la 
limi t( tif I M } 

d low piL'ssiiit ill op llnoLi^li (ithii flrsi|rti ul iowli so tlijl (111 all blown is 
srkliini iin|uiiLMl in npuaic in ixiiss nl V' 11.0 ilisLliai^t piissuii 1 his pi o 
Mrics ('(0111111111.11 i^as icniinal 

A final (Ifsi^n ni pai k( rl (r)liiiiiii I'l oiii ol iIil oliUsi iIlmils in warn Inal 
iiUMil, llii tid\ t\pc (IciUialiii^ liLJlci III tins mill llii p.iikin^ is iiijih up nl .i 
senes ol slaiiiliss sliel oi lasi non slolud liavs anrl stcaiii is iistd both fni Inal 
niff and sirippiii^ oxsgcii mil of ilii waui 1 Ins dL'si|;ii is siill \li\ popiilai iii 
boiler plains beLaiisi il is nnne ilhiitiil tluiinalU lliaii lliL aiomi/miT h pi 
ileaeralnis desirilHd lielow 

PinbdhK ihr niajoi use fni tin aloiiii/iii^ ivpe stiippci is as a ilLaLialiinr 
beali'T 111 sLeam powii plains I best uiiils ainnii/e ibt watei b\ llu lru1^\ ni 
steam passing lliimifrli an atnini/nig iio//le, and llii sUaiii boib bi.its and ships 
ilie walei nl ils dissolved nxv^eii iniiltnl (lignii 14 U) Siikl tin (midiiisahnii 
of ihe sleaiii in the vapni syMci (lealts (he siiain How needed fni ainnii/alion, 
ihis device tec|iiiies a leinperariiii difforeiuc nl al least 'll)”! iH-lvveen ibt walei 
enieiiiifr the vessel fni sirippinyi; and the sleaiii BtLause of tiu piissuie dinp 
across ihe atoini/ei, this device is less cllnieni I ban a tiav^lvpe dcaeiaUn|r 
heater 

TYie htial design category, submerged dillusion, is seldom used unless (eiiaiii 
space rciiuiieinenis lavoi it I he gas iranslcr torffuieiii is pool, and to be eflec- 
tive there must be some means lor continualh sweeping the surface of the basin 
by adequate vcniilation to tarry away the stripped gases 
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CHEMICAL REMOVAL 

Wink niiisl ^ is iuiin\ril iii warn Mt iliiiini is dinii b\ iiiiill iniial ai luni iliiiii 
iial ck sti ii( linn nl tin si f^tsis is an i ipi ill\ iiiipnilant pi miss Inn ixilian^i is 
alsn lHi Him 

1 ' L II ai lii^li U nipL I aim L s lluii is sniiu 11 sidiial ilissnh liI n\\^i n alti i WiiUi 
has bt c 11 lit II I III tl in i|ifmti pi ml lU u ralni Sntliuni siilliU ni li\dia/iiK laii 
b( li d In iliL (IMiii ni 111 u II r i^ainsl ilii pnssibililN id n iidi nl.il nw i>( n li ika^i 
inin llu sx'tUin as slirmii in llii liillnuiii^ ilumii il ii iiiiniis 

J\ I SC) i C) - JN i SI), (1) 

\ II, f () - Jli C) 4 \ (2) 

hi f iiisi id llu lii^li luiipi laiiiu s Iniind in llu liidwiin s^sUn1 nwfrin 
iniinsinii i in hi i ipid ( il ilxsls ui iisii.dh iiiiIiiiIliI in llu sidfiti Ini miilaiinn 
hi issiii i I isl iniii|)kti n\^l>ln dislinilinn 

\\ Ink I 11 bnii ilinMik i in In sli ippi il li mil u 111 I in llu liii ^islmni il lan 
ilsn In III nil ili/idh\ llu ippliL iiinii id Iniii laLislii ni snrliiiin i iilnuiiti llu 
I M bnii rlinxidi ill Ll i si ipi s \MI h llu sli nil f in hi'ill ill I lli/i il b\ llu i]Jplli llinii 
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Figuro 14.9 Atomi/iii^ i^pi diaiiating hiaui {imnhw 

( othfaht ihuMuti, thi ( tant ( ow/frjfi) < 


of amines in the svsieiii In this case, ihi ainiiiL (onns a biiaibniiaie iniiipnuiiiJ 
and aitually develops some alkaliniiv m ilu tuiidcnsaie 

( aibon dioxide is also lernoved in ihi anion Lvchaiigei ol a demiiierali/eT 
Ammonia lan In deslioyecl clieniiiallv hv ihloiinatiDii I he inilial leaiLion 
friims Lhloiamine, and mini ihis maleiial has bien lompletel) bioken down, ilu 
application of chloiiiie does not pioduce a hre ihloiiiie lesidiial 

Ml, f 1 + H( 1 (^) 

+ bHCd (4) 

When the ainmoina has been complelely leaned, ihen the fesidual appeals 
this IS called the break point Ammonia lainiol always be destroyed in this 
fashion, howevei. since many wastewateis luntain oiganit malciials that leaci 
with Lhlonne in preference to ihe ammonia, so that these nia) he destroyed 
before the excess ihlorine is available lor learting wilh the ammonia 

Ammonia can be removed by cation exchange A type of clay, cliiiopiilolite, is 
specific foi leinoval of amnionia in preference to othei calions I his has lieeii 
used in seveial waste walei neaimenl applualions 

Finalfy, hydtogen suthile may be destroyed ihemicalfy by oxidation with 
chforine, oi it may l>e precipitated by appficatioii of a heavy melal sail 1 he 
chloiination reactions are as folliiws 

H^S + 4CL + 4 H 2 O- ► H^S04 + 8HC1 


( 5 ) 

(6) 



Chapter 15 

Membrane Separation 


1 he use of St iiiipc.1 inedbk* iiieiiibidiies is a coiiipaialiveh iccent drUlitiiin to the 
tuliiiologv 1)1 udtri iciio\.]iioii oi ration As ilesign eii^inciis stiive id 

peiltMt tliest mi iiibtancs anil the t(iliniL|Ui:s ot ihrii appliialioii, thev tdii look 
to natiJii Ini ixamplcs n( semipefnicabk inembiaiies |X'rli)imiii^ ac|ULous 
SI iMiaiiiins both in plant and aninial tissues In a sense, svnthclu membidnc 
rlrviies aie lojivin^ what is taking plate in iiiaii\ naluial svsteins the roots and 
heaitwood of tiees and llu kidnevs and small intesiines of animals use mein- 
biaiies foi ihe tiaiisiti of nutiienis and food lo the irlls and foi lemosal ol 
waste pioduits 

111 puiifviii^ b> ineinbiaiic sepaiation, watei passes thion^h a meinbiaiie as a 
resLili of a diivm^ forte, oi a l onibinalioii of iliisiiif; loiies, leaMiif^ behind 
some poition of its onginal mipuniies as a toiiccniiate 1 he t\pe of meinbiane 
OI bainei, the method of applitation ol the dining foiies, and the waiei thar- 
aittrisiiis deleiiiiine the amount of iiiipuiilies leminid 

In the past, pioblcnis of meinbraiie fouling oi degiadation and tnineiitiate 
fhsposal have kepi tosts iomparati\el> high and limited appliLation of riieinbiaiie 
systems to special siliialions, suih as to cases where the iriipiiiities removed had 
rommertial value Moie recently, impioveiiieiits in membianes and applitatinii 
techiiDlog) aiirl more sliiiigeiit envn on mental discharge limits have made 
membiane separation piactical 

FILTRATION 

In the simplest rnemhiane scpatation process, the membiane acts as a poious 
barrier lor hllratioii Water is forced ihrough the membrane b> a pressure 
differential across it The pores in the membrane may be lalher large, generally 
0 1 micron or laiget When the membrane is used as an analvtual device lo 
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rJptert suspended scdids in a waiter sample, a pure si/e ol 0.43 inirrons is usually 
used. ‘The membrane tan be made rd many dittereiil marerials. sui'li as tellulrise 
areLaie. The nuinliei (il pines per unil suriare area and llieir shape iir Liinli^ura- 
Lion can vary greatly, inllueiiriiig prndiiciiiin rates anil qualil\. I'he inembrane 
(hemisirv and strut lure are alsii iiiipnrtaiil faclnrs. 

In fdtration, .suspiended solids are removed on the fare ol the membrane. 11 
the suspended .solids are slimy or easil) lompressed rm the surlace. the mem¬ 
brane may betome Hogged nuiih like any oihet fillei medium, and hliraiion 
rates may drop to impiarliral levels: the process must be slopped and the mem¬ 
brane ma) re(|uire leplaLcment. Seldom tan the membianes be ileanerl b\ 
batkflushiiig. Meiiihianes used loi hllirition remo\e hide lolloiilal in soluble 
iiiatertal. The elliiieiii\ with whiili \er\ line sii.spemled solids are reiiioverl 
depends piimarilv on the size and shape ol the |3ores and the type ol hhei rake 
develoix'd during hltralion. 

'riiere inav be more than sieve-tvpe aition taking place dining lilhation. I he 
membrane may swell, rhaiiging its rbaiatlerisiiis, and iliete may be iheiriual in 
eleiInH'hemical inli'raclions between the menihrane and leitam soluble in loU 
loidal substaiiies in I he watei being fdlered. 

As w'ith other water Idtratiun pioresses. iiltialion late varies diieilly with 
water leinperalure (inveisely wilh viscosity), and diieitly with the pies.sinc* dil- 
fcTential aiioss the iiieniljrane. 

'In make menibiane filliation praitiial, the hulk ol the siispeiiiled solids 
should be lenirived print to tlie membrane iitiil. \ iyjhial e\ample ol mem¬ 
brane liltratioii is shown in Figure I'l.l, as pail ol a total system pinchiiiiig 
iiltrapure w'atei lor integrated eiituil inanulaLtiiii* I lie nieinbiane is die last 
step ill the pioiess, lemnviiig irtid yylnih winild be uinletei led by oidiiiaiy 
analysis, but wliiHi inuld luiii the integrated ciiiuil. 1 he menibiane may 
proLe.ss over 101)0 liteis/im'' (250,000 gal/il") beline plugging in this appJiia- 
tinn. yvhere il would pass less than one lilei/cnr (250 gal/ll^) ii used in Jilter 
.samples rd many rnuniiipal w'.irei siipplii‘s. 


ULTRA-FILTRATION 

As the poie sizes m a meiiihiane are made smaJlei. J.e., imiih below 0.1 inn ion. 
the pressure rlilleieiili.il iei|iiiierl to piurluce an eplable flow lales miie.ises 
siili.stanli.illv. I'ror esses using small poie-si/ed membianes anrl inn eased pies- 
suie. railed ullra-fillialion (ri*). generally iLM|iiiie piessiiie clilleieiilials in 
exLp.ss ol 20 psig (l.'l kg/iiir). I he piiipose ol using a smallei poie si/e is to 
remove colloids and certain high nnileiulai wc'iglil organii materials from water. 
However, lhi.s small pore .si/e makes the memhianes even nioie susiepliliJe to 
Hogging or blinding than hltralion memhianes. In leriain cnnligni.iiions. IT 
iiiembiaiies can he hatkllu.slietl to solve this pnrblem. TF membianes may be 
damaged permaneiidy by excessive heat or pressuie causing Ilux to drop 
drasiiiaJly. 

More pninouni ed than in siiaight filtration, the Hiararter anil loim ol the 
tiiembiaiie is criiiial to the ic\sli 1 is olitaiiied. To obtain suiuilile l!ow' tales, the UF* 
scrnipermeuble inenibraiie usually has an extremely thin .skin nii the siirfaie nl 
a more porous, thicker suhsirale. This type ol niemhrane i.s said in he anisoti iipic. 
The skill may be only 1-5 microns thick while the .substrate may he 25-50 
niicron.s thick. Additional meihanical .support is usually iieces.sary. The skin anil 
the .substrate are otlen the same material, the skin bcMiig nindificd on the surlace 
ol the hulk menihrane hy treating the .surface iheniially, methaniially, i hemirally 
nr hy some Limibiiiation of these. 

In addition to |M).s.sible blinding iifThe IT' meinhrane, crmreiilratiiin polariza- 
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Figure 15.1 Lilirapine waltr i.s iiiredeil in many areas iiT 
nianularuire iif' eleilrnnie i nniponenls. I'lie linal Kiel) 
irraniii'iii sysiein shinvii here is inenihiane hhraiitin JiiHinvin^ 
several slaves nf inn extliaii^e. iHtnirlfsy of Bril Lrihnrntorifs.) 


lii)ii may also alicel llux rales. I'liis plieiioineiinn i)i'i:Lirriii|[r in the water layer 
adjacent to ihe inenibrane surlaie is the result oi a lorali/eil increase in the 
iDMceniration ol' rejecteil impurities. I'liis increases the solution density and 
viscosiiy al the membrane siirlare. reilucing 11 ow rale, A niimbei of design 
rechnir|ues have bi^n develnpeil to reduce l oncenlration polarizalion. 

Figure lii.'J .shows a typical UF iirstallation. This unit is used in the automotive 
industry to coniiiuially iilter a special elecirodepositing paint Irom wash w'ater, 
recovering the paint and preventing a buildup in salinity. It is also used to Iilter 
the paint iisell from the dip tank to maintain density as paint is exhausted Iroin 
the paint bath. 


DIALYSIS 

Althmigh dialysis is seldr>m used for the puriheation or renovation ol'water, it is 
a membrane separation process that can be used to reclaim strong chemical 
solutions, preventing iheir becoming a waste problem. So dialysis is oriiiiere.st in 
water technology (F'igure 15.3). 

In simple dialysis, the driving force is the Loiicentralion gradient across tlie 
membrane. The membrane has pores through which solutes can diffuse. Ions of 
large ionic radius difl'use through more slowly than those- of smaller radius, so a 
separation of ionic spiecies is possible. Solute or colloids tr)o large to pass through 








Figure 15.2 UliraliltratiiHi syslum lacing used ui mnirol density and mover paini solids. 
{Courlrsy uf Abcor, Inc.) 

the pores are retained in the rniicentrate. Some water may pass throiigli in a 
direction opposite the flow of ions because tif the osmutii; pressure. 

Even though almost any semipernieable membrane could l>e used in dialyses, 
the most commonly used membranes are made of a type of hydrated cellophane. 
This has been chemically altered to produce the surface properties and pore 
sizes needed for the specific separation. These membranes may also be sirclrhed 



Figure 15.3 Single dialysis cell separating free acid from a cupper re¬ 
finery liquor. {From Chamberlin^ N. S., and Vromen, B. /i., '*Make Dialysis 
Part of Your Unit OpercUiom" Chem. Eng., May 4, 1959.) 








Woler posses through porous membrone 
lubes,soils slay behind 



saline wosie 
0 3 0 4 0, 
dI 5 70 Cl 

product water 
06-0 70, 

Dt 01 Cl 





C Cohon permeable membrane which allows oil colions (Na m this illustrohon) 
lo pass through but reiecls onions 

A Anion permeable membrane which allows anions (Cl m Ihis illuslrolion) 
lo pass through but rejects cations 

Figure 15.4 SiIimiiUu rli.iwm^ nl a slack nl pi i iiislIliiivi iiii nihiam s 
asst iiil)li il as tn ck i iicnli il\sis iiini 

lOihan^i ditfusiDii latcs nl a givtii iiicniliiaiiL is Ln^rh iclatcrl lii us 

p(UL' si/L \11 III till pTuhliius ilisiiisstcl 111 IriiiiuIiioii Willi iilliLi nirnilitaiiL 
scpaialiun pi in esses an also inheicnl in ilial\sis 

In ihi tiMile inrlushs, ilial\/iis liavt been used in ipilaim lauslii Iriiiii iiu’i 
I Cli7ing baihs the NaOII passes lInniigli ilie nicinhiarie iiilri llit iccnvm uatcr 
How, and ihe (iij^aiiu lesidue is kepi iii llie liquoi ini disprisal 

ELECTRODIALYSIS 

In eleclindialvsis (11)), ihe dii\ni|; fniec is t leeiiieal Seinipcinieablc inenibianes, 
having anion and (alioii exchange pio|HTiies, arc alleinalelv stacked in a press 
with nairuw wain passages a) s beiueen them (Figuie 15 1) When a duett lui- 
rrnl is applied lo elctlindes on eilhei side of ihe staikeil nieiiihidnes, iht aniuiis 
migiale liiwaid iht anndt and iht lations inward ihr lalhnilt Siiilc the Latinn 
exchange memhi aiie allows only the passage of i ations, and thi anion exchange 
membranes the passage of anions, the alteination of menihraiies urates trinten- 
iration and dilution in the alleiiiate compartments of the suck, as shown in the 
hgurr The flow rate through these narrow lompartineiits or Lhanriels, the 
numbci of stacks used, and the amount of drisiiig forte oi eleLtiital current 
applied determine the amount of salt (cations plus anions) leiniived from the 
water 
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Id nuiiiiTii^c 1111 mil lequiieinrnls, ihrse ihannels ate marie as iiaiimv as pos¬ 
sible. As the aiiiDiiiii of salt iDiiieniialiiiii deiieases in ihepriuliicl walei passage¬ 
ways, iis eieLiiiLal tonduiiiMls Llecieases. anrl ihe elritiiial niei^v leipiiieil lo 
leiiiine aflihtiiiiial salt ini teases If lim) iniiih iLineiU is apjilieiL some elei 
tioUsis (lormalioii ot Hj anil ()j) will oliui, reclining ineiall elliuenc\ 

(\iiueiilialiDii polaii/alirin is esen nioie lifiiilmf> with elec li oilialvsis than with 
olhei meiiibiane sepal alinii pi or esses (anu eiiliiilion polaii/aiioii i arises the 
rlexelopnieni ol a iiieiiihiane poieiiiial opposiii to the ap])liccl potential ( oiueii 
tialioii polaii/ation and Wiitei spliiiini), nieiilioneil etiiliei, iiuiiasetlu Uinleiuv 
of scale foiIllation .is coiKeniiations ol lakiuni in llu hiiiu ihannels exieed the 
soliibililx Irii i.ikium laihonatr* oi laliinin stilfaie, 1 n examjik 

(.akiiiin laihonale oi iii.i^nesinni Inrlioxnle piecipii.iles aie most likiK lo 
iiiiiii at the anion exthanj^c iiiemhiane-ionttiUi.ite inieilaiL iliu to ihi hi^hei 
pH (OH ions) theie I lit ile\elo)imLnl ol si all oi ch ]iosiis on iht iiuiiihiani 
sill laces lerlnies ion tiansiei anrl inn cases l in mil i ei|iiii emeiits 

liiipfoxiMiieiils ill nienihiaius and slack designs hast helpiMl minimi/i llu 
etieils ol c oni eiiiralioii piilaii/aliini Methods id stahdi/m^ sialin^ it ink lu us 
and ikMiim^ slacks on llie leiii lo postpone sluinioxiiis li.ixi hei ii dexiserl 
Spei lal cells haxe heeii ck^si^ncil foi miiixiihial .ipplii.itions in .itlenipis lo in 
It ease leliahihix and lediiic costs 

Lleiirodialxsis is used to produce polahk vxalei iiom hiackish xvalei (li^uic 
If) 5) One nl the lat^est muiiinpal plants pioduiis oxei \ "i in|^d (lit mV mini 
lot the cilv td ( otlLi III lilt Citeck Islands I nits ai r also hi m^ mslalk d in iildil\ 
sxsleiiis to ieptoic‘ss rooiiii/' lowei lilowdrmn (fu*ni( 1 "> fd 


REVERSE OSMOSIS 

Osmosis IS the proiiss m whuli a soixcnl Hows aciossa nicnihiaiu scp.n.iliiu> .i 
slii>iit;ei liom a wcMkei snkitinii, the soixcnl flows in ihe rhitilion ihat will 
lerliue llu* i niir eiili atioii ol iht sltoiif’et solcilion llu How id soixcnl hclwicn 



Figure 15.5 IViik.i^e i leiliiidi.ilxsis |ilaiii, shfiwiiiji; film uii lc*i*rl. kiiiiioI sasuiii. and 
iiiemhianr stacks (leli In iif^hi) (t nf /rjiiirs. hit ) 
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Warm blowdown 



qI bo 000 mq/l, 

Figure 15 6 \ i uulin^ inwii i ii uiii v\iili suit mi i ini rli s uni liiiiii idmiuiii iIidii 

I 111 Infill I S lIlIlM VmII \ II \ ill oil III ikl U|l W III I lllll\MS |ll l M ( IIIIIL III 1 l|J llllll 

Ills nil I illui 11 Ml II lions 111 llii I oiiliii^ s\ sii III mrl ii|nii[iM/^ i oiisiik i iliniis Ini ilu 
liiL^Ini |)niil\ hoilii u 111 I i ii i ml 


Miliilinn I niii]ni lint Ills i in In iilistmil is llii lit)inil in lln itniip ii inu lit iil 
siinniiii siilntinn nun isis in \oliiiiu II llusi inni|iiiitiiu nis lu lilli il willi 
siinilpipts (111 llll^^ ^m 11 Liiniiniu niuil ilii UmI in ilu s|iiuil;ii snlnlinii luiii 
]iiiinitnl IS Infill 1 than lhal in tin wiak h\ i ilinunsinn wliuli Lipials Liu 
iisinniii pitssniL 

In iiiiist nsniiisis (KO) i rliiMii^ Inin ihi rlifh i l iili.iJ piissuii .uinss ilu 
iiuinhiiiin I uiSLSwaUi tnllnw linmllu slinii^ii sniulinii in ilu wiakii lluii 
inu ilu |)iissuiL u ijLiiu (I must i \i 11 il ilu nsiiinlit piissiiii ilu ililh 11 iitiiil 
pKssiiii IS i)ln 11 ^11 lln llllll UlOpsi^^JI k^/fiii ) ill pi ncliii^ 1)11 I niu i nil alimi 
ilifl I I L 111 I s 11 i \ L I i}^i s filinni III psi I III t II 11 10 ( 1(1 in^^l ililli 11 ni i in IDS 1 hi 
tliiii 11 nil s .lit mlliit lULil In ilu l\pi s nl nuinhi iiiis nsi il In uxtisi nsmnsis 
lians])nil nt u lU i lliinii^h (lit intinhiaiu is nnl ilu iLSiill nt Him llnnu^h 
ikliinlivt pniis al liasi nni pnus as ininniniiK iniuiiMil 11 is ilu ilsuIi nl 
clilJnsinii mu innhiiilt al «i iiiiii iliiniiirli xaiaiuus in ilu tnnliinlai sliinliiK 
nl lilt nuiiihiiiu iniliiial Ilu x unit us in iinni pliniis pnlMin i s in in i si lU 
nl llu\ ni all nnl li\i il ululi in iixslalliiu manuals ilu xuaiuus «ni xtiicls 
in lalliii sli HI nil i s anil iii issinliallx lixiil in iiiiinhii pnsilinii anil si/i K() 
minilnams ait mailt nl ammplums pnlxnuis lull iisiiallx innlain snnu iixsial 
liiu ni It ss .mini [iliniis iiirmns 

Rtxtisi nsmnsis Ii is .ilsn hit n lalltil hxpLifilii.ilinii inrlii iliii}* its iLlalinn 
ship In a hifrii piLssint lillialinii piniess IlnxxtXLi il shnulrl nnl hi imifiisirl 
XMih iillia lillialmii xxliiili lists limi i ipplucl pitssuits mil iIiLIliliii iiiliii 
hiams hiiaiiSL ulna hliialinii iiiimxts i sst niiallx iin snlulLS nl lnx\ in intLi 
mt iliau mnhiiilai lAtiirhl uhik ilxlisi nsmnsis t an 11 mn\t txtnlnw limit iiilai 
xvij^kt mini spriiis 

ilu sail itmnxal ni il|liIioii nblamtil is |iriiiianl> a thaiaiiLiistii nl ilu 
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seinipci nitable membiaiic A f^iveii menihiane nid) ie|eLt one ion mure effec- 
tiveh tlian anuthci, this lejcctinn ma\ be afierted b\ the piesciiie ui iiihei iimiL 
species in the water being pi messed In geneial, the gitatci the waUi flux 
thioiigh a gneii type of niembiarie, the lowei the salt iLjeilinn—the less salt 
letained in ihr i oiueiili ate and the mini i onlaininattd the pioducl ( on- 
verseh, the highei the salt ipjeitinn lates, the Inwei the walei flux ihniugh the 
meinbiaiie using the satin applied piessuie Ilnse prnpt flits lan be vaiied by 
(hanging thi tspe nl pnivmcrs ustd and lULlhinls of maiiuiartuiiiig and 
prmessing tin niemlnains \s with ckiti udiab sis, poiciilial liii LonLintiatiun 
|)oJaii/aliiin, scaling and frmling aie seiimis i unsidi latinns in dt signing pi mess 
units tn take achantagt nl lln \aiimis nunibiaiiL materials avail.dili 


TYPICAL RO DESIGNS 

Membiaiies au iciiiiied inio uiIk-s (liguii 15 7) lulled lium shells (?iguie 
15 8) and made intn hiu hollow hixis (ligiiiL 15‘I) lo itnei the iLi^uncd 
rcjLLtinii lales, tin dt sign must maximi/c tin flux rales pei unit \olunn .irnl 
niiinini/e piiiblnns hum cnniLiUialiun piilaii/aliuri without sliiuusK mcitasiiig 
the eiieigs needed lo operate the svsiim 

It IS exiitriitU dillnull to i h an mtmbiains oiu t ihtx aiL loukd Pmssuu 
r\(leshelp as do sunn «iLaiung agents Fietondiiioniiig w.iit r to In piintsscdis 
almost alua\s iLi|uiicrl l\lii ■! uiiK a filiialioii slip \ 1 iiulnig Indi x has bun 
dcxeloped to guiiU dtsigiiLis in the sclution ul a pit iitatineni pioiLss 

This IS based on the lapidits ol plugging nl a siandaicl ini iiibiaiit liliti 1 hi 
test watei ishlieied at trinstanl piissiiic and iht imie iti|Uiicd to pioduit HM) 
ml of hllralt is ddeiiinncd nmialU (/ ) and alitr 15 nuiiutis (/, ) I hi fouling 
index IS then deKiiniiud fioin ilit illation 

h-(!.7 

lo axoid fouling of RC) meinbianes, the Fouling Index ol the loid should be 
less ihati f ( heiniial liLatnunl with pobphospliau s is also iiscil in .iiKinpi to 
reduit plugging of KC) iiunibiaius with pi 11 i]iilal(s of ( a( () ( aS(), anrl 

Mg(OII) 

A simple coriip.ilisoii ol c mninoiih-iisi d KO miinbiants is shown in 
lable 15 1 


Porous suppor* 
tube With replaceable 
Dsmohe membrone 

\ Product waler 



Support tube 
Osmolir membrane 
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Figure 15 9 I nu Imlltiw him liiiinis m iMiimrl inin i (\linihi 
111 Iniinlli I mil imiiii; in iiix si|ii ii i liil iil siii I ii i ii i i I Ins 
issi iiihU IS msi illi fl 111 I shill liiiLil willi mill kimiiiiii iK miih i 
mil |iiiiihul u iiu iMillil Wall] is uiiilii piissnu .iiiMinil llii 
liluis sM piiii uiui pissLs ilii(iLi|>li llu IiIhi Wills mil Mims 
lliiDii^li llu hlnis hmi Rijiii is ilisihii^Lil ihiim^li iht' i mi 
(lull III (mill I (( mth\\ of f ht Ptirniitit ( innftntn i 


TABLE 151 RO Membrene Cherecterlelici 
(Baled on 10% rejection) 
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15*10 Tht NALCO Water Handbooli 


TABLE 15 2 Typical RO Performance 



( niiMllliL 111 

111(4/1 


Rivt 

1 inislii il 

1111 tintss .IS ( i( (), 


J(l 

Ukalmii\ IS ( i( ()| 


111 

Joi il hh 1 Irnivii is ( i( () 

n 1 


SiliL i IS SiO 



,.]i 

7 2 

h 1) 

(() 

2 » 

2 1 


TABLE 15 3 Performance of Reverie Oemoeii Unit 
Treating Pulp Paper Mill Waetewater 


C niisiiun 111 

11 

111 1111 \ J'l 

1071 


|ul\ 2\ 10- 

'll 

(* 111 iii^/l| 

1c III 

Pt 1 nil lit 

( mu L 111) IlL 

hurl 

I'l 1 ini 111 

1 inn ( nil iii 

StiliiliU sniiils'' 

■jl 4(10 

47J 

hli 000 

17 hOO 

JUi 

111 r> 1 

Sfjiliiiiii * 

h lOO 

(ij 

S 000 

h 000 


7 7 lO 

BOD ^ 

1 \ 000 

1 oiri 

17 1)00 

1 1 I(i7 

77') 

1 1 000 

( nini 

1 U MHI 

ii-i 

I4h 800 

S \ 000 

'ij 

IDS 000 

pii 

■j s 

1 1 

- 


- 

- 


("i 5 () 0) 1 1 0 1 



- 



MHi< INiimilt IS I (|i i U il ti run |il ml I\i li |iiniliii niiplilili wish w iii i hu ills 
(hii(i;i In inuiiui)ul lu iiiiimiI |il ml uiih pM iniMiiinii 

sm K4 !■ V\illiirn K Nilsnn liiiiiiBiv 1* ii k ii’iiil, hit |ni\ in i nniniiini iimn 
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K() iLiiim air IjikLiii^ wiiirspitMil tippliialifni in tirsaliiialiDii rif bratkish wain 
liii |jotahlc ni inrliislnal iisr, pirliLMtiiinil nl ficsh wain ahrail nl deininnali/eis 
In mliiLC ihnuKal t iinsuiiipiioii anil miiiiiiii/L' pifuiiiLlinii nl sh nn^ w asirs, and 
iMMlinnil 111 w.islewaUM llinr au* now a niiinbn nl inunuipal K() iiistallaUnns, 
niir nl llir lai ficsi, in |aptiii, liaMiig a iapaLii\ nl about ini;d (J ) iiiViniii) 
Rr^iills nl KO tiratmcnt nl a wain siippb in irrliiit liMfl nn a rlnniimali/n 
fill showII in labli Pi 2 And llu appliialinii nl KC) in waslrwaln lirahiinil is 
illiisiiait'd In lMi>uir Pi ID, an inslallalinn in a pa|in mill drsi^iird in inliar 
I l)S III ihi null ilisilifiiQi Opnaliii^ irsulls hum tins iinil air slinwii in^lablr 
15'^ A 100 ni^d (l^bl? mVniin) drsallini' plain al \ uiiia, An/niia will iiitluiir KO 
inniluli's ni snnal ivpis Ini i niiipaiisnii nl pL 1 1nt mam i* 




Chapter 16 

Aeration 


IS llu iiu I liariiial pioiLSs iil |ii i)\inliniiili imiliUl iil an wilh 
WiLlti \s iipplii il In u.iui titaiininl aLiriiinii liaiisltis ^.is ninlLtuks iiiiisl 
iiniabK nwfitn linni an (i^as pliast) hi ualii (lii|iiiil phasL) Whik tlissnlvnifr 
nxN^in in wain is innsl nllcii llu ^naJ analinii alsn ini lurks iimm.il t>l iiii 
rk snalili feasts suihasCO aiirl incthaiiL lininwairi snini liiiu s u It 11c.cl In as 
fk t*asilii iilinn 

TABLE IB 1 Aeration Procoaeee In Water and Weelewaler Treatment 
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Atiatinn is ahnnsl always atcmn|iaiiurl In iillici pinccssis ni tear lions, whiLli 
may be ph\sual, ihLiiiicjl, ot liinilmiiiial iii naiuicr Tabk lb 1 ^ivl‘s an over¬ 
view nl surli jirtMesses with the common objectives anil lesulti ot aerdlion of 
Wdlei and wastewatci 
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B\ ^rir the grctiiest use Ini aeiatimi eijuipnieiU is in liir heliJ nf buxlieniiLal 
oxhIjUdji t)i fii^aiijc uaites. tlrnnesrir in iinJiistuai Bur, .leiarjon is a/su used 
exiensiieJs inr nxirlariun iii iiini|;^aiiif iiiipuiilies smh iis iri>ii, riiaJi^anesr and 
hvdiogeri sulfide, anti lot lemosal m oMdatinii nf vnlaiile unpinitics t.uisiiig 
odin rn bad taste Ariatimi simpJs to iinitast t)\>gen iiinient of ujtei is some 
times laiiurl out as tlu List step in a water (»i wasii litalinint plain 


MECHANISM OF AERATION 

As a gas, owgen is sliglitK soluble iii water At and sea li\el, saliiianon 

(onientralioii is onh ^ mg/l Ai this loiiieiiiiation, ii lepieseiits oiiU 0 000 *)^/1 
ul the weight of I he walet Bill this c oni eniiaiioii, when teltased as a i^as 
CKiupies b 7 ml, 1)1 Uh7S,oltlu soluiiu rdlliewatii wliii li i oni.iiiu d ii Joioi 
reit gas soliibililv lioiii weight to voIuiiil, usi 

oo I 

nil/l - —X iiig/l 
mol wl 

As Willi most gases soliibilitv id oxsgtii in walii is iiisirseK pi opoi iioiial lo 
ieiii)K’ialiii e Ilissolved soliils r niueiiliarions also allui DO labli Dili sliows 
siilubiliis ol nxsgeii at \aiioiis tiinpeiatiiies, elexalioiis (wliiili alien anno 
spheiii pressure), .iiul dissolsed solids list Is \s tin si data siiggtsl saiiiialioii 
sallies lui DwgLii m a paitiiiilai watei must Ik' ditiimined b\ aLiation lists 
Wink it is not iieussais to obtain data .is c \li nsist as lliosi shown m l.ibli II) 2 
It IS neiLssais to esiablisli the lalio (hi la laiioi) hi twn n owgiii saliii.iiinii Il\i Is 
ill a speiihf waiti and in puii watei at tin s.iiiu liinpiialuu and piissuii 


TABLE 16.2 SoluMllty of 0^ In Wotor Inlluoneod by Tomporoluro, Elovotton, ond Sollnity 
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PRINCIPLES OF GAS TRANSFER 

Aeialinii pioiecds in ihiec scpaiair steps (I) An is hr ought into inlirnaie 
1 orilact with watei b\ ex|KJSing a laigt siiifareaiea I Ins is [italt il iiiei h.uiiialb 
in the form of (oiintless drops or small bubbles, rle|rending on the l\pe ol aerator 
used (2) (fhs riioleLules pass across this siiilace into tin lir|uiil ph.ise 1 Iil gas 
must pass through a thin baiiiei at the lii|uiil surface, a liquid him, befou il 
reaches the hulk of the liquid phase I lu liquid undeineatli the film quiikh 
fret nines satuialeil with oxsgen (3) (»as inoleiules dillnse awa> lioin ihe li(|Liid 
him inio the bulk id the liquid until satinatnm is complete 

[| IS obvious that a laige suifacc and tuibiileiil lonililions, whiih ilisiii])! tin 
liquid him and agiiale the bulk liquid, iimease iranslei lates 

Ihe rate cd oxvgeii Iranslei lo the liquid body is expiessed mallieinaliially 
by the oveiall liansfet equation 

dt 





Asralloii ie-3 


Ihis savs ihdi thi rhaiigi of owgtn Lotut-iilratiuii ^illi iiiiiL dtidt is tqual id a 
riHiisfii LiMtlicient Kiu Units ihc DxvgLii ckfiLieniv in tlu litjuid Oxv^nn ik 
/uuni\ IS tilt cliHt'itnrt IicIulcii saluiatiiin rDiULiiiialimis r, .iiid iht jjie 
sailing DxsgLii tout f nilatinii in ihr svalc.! ( in ing/l Mil ahnsi i (|Lialiijn is 
I tan angt rl in 

r/r , , 

^ - — A/r/ dt 

inrJ the inligialiil Iniiii is 

In (f — ^ ) A/rt/ 

liisiiling liiniis gists iht (qiiatiDii 

In -- — A/fi/ 

' * / 

ulitii ( (ixsgLii I Diiu nil ilinn at Scitiiialiim 

( II nwgtti milt mil iiinri ii tiniL /tin 

i nxsgtn iniiitnli ilinii ii Hint t 

\ pliii nl t (! stisLis Hiiii 1)11 1 St lining gitiph will vitlil a sLtaiglii line wiih a 
slnpL t (pi il in A/ ry 

Siiiti lilt (ivsgcn MINI ilinii t niii c nli iliniis in ili pi iidtiil nii ttinpiialurt 
pitssuK 111(1 dissnlstd solids is will as the ii.iliiit ol iht solnN llu i lU i)l 
li iiisli 1 nl nwgtn niln s> ill i is dsn Lkpiiiikiil nil ilitst saiiihlts In list llu 
i i[ii ilinii Ini (It sign pin post s il is nitcssiis in pLilniiii iLialinii Usls and In 
pint n\sgin iipl dvi si isiis Hint VMunllit dilh 11 nit s liLlsst t ii salination Its lIs 
iiid uill il n\sgi II (1)1111 nil iiinns iit plnltid ig iiiist iimi on st lining p ipti ihi 
slnpL nl llu lint lu t nnu s t ipi il H) llu nst i ill it insii i tnillititnl A/ri (I iguii 
It) 1) All Lxaiiipli nl silt 11 dila mlltilinn iiid plnlliiig is slinvsn in I ihit 1(i ^ 



Aeration lime mm 

Figure 16.1 I’lni ol nxsgm iIlIuilius ss tinu 



TABLE 1B.3 AMtton Tart 11111 
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EQUIPMENT 

In fresh watei liealiiieni, giavil) aeialois and spra) aeralois have liatliiioiiall> 
been used in lemnve iinn, manganese and h)diogen sulfide Aeiaiinn leih- 
niques developed loi wasletvaiet irealmeiU are applitable to fresh vsalei, Imt 
capafiiv requirements are genetalU much gieatei 

Gravilv or lasiading aeiatnrs often lesemble ciKiling towers, as the watti is 
pumped over the top and allowed to lastade ovei wooden slats to a sump ni 
basin 

] he forced draft aerator is similar to a tixilmg towei in that an is foiled up¬ 
ward against the cciunteiflow of water ovei wiMiden slats I he toke-paiked 
aeratoip also a giavity flow unit, is populat in non and manganese Temoval in 
stallations because of its simplicity 

In the aiea of waslewatei treatment, greatet Lapacities and higher effuienties 
are required The most widcly-uscd iy|>es of equipment aie diffused aerators, 
surface aerators (high and low speeds), and submerged turbine aerators 





Figure 16.2 \ii iliffnsns m iniinuipal si litriiiiitiii plain 1 1 h fliiliistt asst'inblii's 
m t\ hi iiii.iiiiil .IS 111 h.isiii nil II^^ll li>i 111.mile ilaiiLt and lu piivtiii i\liLn 

liiisin IS mil 1)1 SLiviii (( uuitts-\ of / \/f ( uiputatiuu } 


III fiilliiSLHl III siihiiiri^i^rl ai‘iiilKUi, an is Iniiril ihioiigh a ililiusei, icicasiiij; 
Mihill buhhlt's lUMi liir hfinrnn of ilic ari.iriim \esst*l I his i^stablishcs i^ddiI luii- 
laft luiwrcn llu‘ nwgiii .inri walci al a piessiiip .'il)i)\t ainiosphriic It Lieales a 
lai lupiul’^as iiilri lai r b\ pioiliu iiig small (lianiricr bubbles ibi lui^h the small 
|)riirs fit the rlilliisns (huiuii lb 2) 


tllineiiLies anil jxmtM icipinemrnls tin suhmrigtfl anatnts aieilnseU iilated 
til llir i\pi nf clitluseis iiseil I best tan In pinuus, imii|M)inus, in peifoiaterl 
pipt 1 hi l\pt' oi rlillusei iiseil is silriteil mi I he basis ol uxyfveii tiaiislti iliaidL- 
iLiisiiLs anil mamleiiancc ieL|uni meiils 

11n pin (Ills type liifliisris liase fniiiiil iiinsi use in iiiiniiiipal waste tieatinent 
systems empliiMtig iuiiyenlmiial activaleil slnil^i tie.iimeni ()\y|r(.'n lianslei 
elhiieniies as hij;b as 10 12S may be aLhuyed 1 he biggest piobleiii is the 
lLiulent\ Ini tluggmg linm the an side, ilogging liinn ihe watii side tan also 
be a pioblem il the iiiiils aie leit in ihr lii|Uin wilhiiut an being bled ihiough the 
s\ stem 

Ihe nonpnious diUuseis do not (log as leadily linm the an side IJnwpyei, 
oxygen liansfei elluieinies (i e , the latio nl oxygen absoibed in oxygen applied 
by piessiiri/ed an passing the difliisci) may ainouni to \-HVf 1 his means that 
poyyci ie(|iiiieiiieiils may be as high oi eycii highei than with porous ilitluseis 
Nonpoioiis dill users aie usually lunsiiuited liom no//les oi oiihie plates made 
ol metal oi plastic 

1 he simplest type ol diHusei is a |Kriloialed pipe laid along the bottom ol the 
aeiatioii yessel I his airangemrnl is used in ]M>nils oi naiioyy aeiaLion tanks 

Meihannal siiilaie type aeialois ha\e iiuieaseiJ in populaiity, especially in 
industiial yvaste itealnumi plants While subineiged aeiatiiis hung an into 
(ontad with the watci, sin lace an atois operate m a leycise lashion, hi in gin g 
ihe watei into lonlact yyilh the atniospheie Siuh aeralms actually lift laige 
volumes ol yyater above the stirlatc and expose small lir|uid dioplets to the 
atinospheie (l«igiiie 16 3) 

Basically, a suilace aeialoi is a iniiioi-dii\cii iint>ellei located at or beneath 
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Figure 16 3 lUinK m iiinsiiiuiniii nl i lixul |hisiiio]i mm 
(ill .III mu sh i|u il III |ii ikIik I liiu,li viiliiiiii |>iiiii|iiiu mil m 
mil iiiiiiK III I M ^ / Z/f/r/i ly ^irw ill h I 


till licjiiirt suiliiK inniMilid nii IimiI sii|)|mm1s i»i i»ii |ji>iiIimiiis iniiniiil in llit 
.iii.ltliiii hrisin \ (li ill lulu is siiiiii liiiu s use rl hi itTi|iiii\f |)Uiil|)iiii; (.i|Miil\ 

1 uo rli sii^iis nt ]iii|u 11 m s II( list fl ii}i(liill mil |il ih l\|)i \ iiii s 1 In ujirli ill 
inipillM iiiiiMsIii^t \nluniis Ilf \\ ilii in llu upvxuiil iliiiilinn uliili ilu pLilt 
aiijifii taiists llu vt«il< I m Ik siiittircfl miiu.iifl 

\ f (iinljiri.ilion sill 1II i siibiiu i [rt il ai i ilinti ili mil is sriiiu liiiu s use il in iinils 
rlcsi^iurl loi liit;li liiidiii^s I hi si an Jiiinisluil wilh i ihlliisM Im iiirl ii llu 
bniuiin i)f llu at talinn lank uilh an iiii|i( lUi inline (halt K ii lliisininhina 



la) (b) (c) 


Figure 16.4 1 Inw p.illi I us lui (u) ililliiM fl all (/#) nil i h inii al iiialinii aiirllO>uui 

hiiiilinii liithiiu Hill (lilliisi 1 1111^ sxslMiis flrom (funuinl I iifrtuf t nnt> l/ati 17 
1^72 f) *)7 ) 



Figure 16 5 I Inii/niii il liitm s wnli i irh il i|iiills m i nl m mil min w isii lu r inilu si 

isi(liiiiiii iliiilus {i u§it \ f I ft! \if/ I iju finn III { mnlinn\ » 


ijiMi 1111 itinslit iiiiiK ii\\|*ui |ui iiiiil \iiliiini iImii .iii\ oilu i rlixni It is 
iisiLilh i|)])lii rl h) (It i |i ( inks niinpln iIiiilj iii.nnii iiiiiii t ht i uist tislCiHl\ lii.ii 

iin; IS 11 i|iiij I (I 11 ilii lifilUMii 

1 \[111 ill iiisLill limns .mil llrn\ p iiu ins nl siihiiit i il ,j 4 1.inn s anil sin 1 iii .jiiH 
1 niiihiiiaiinn aciainis .lu slirnMi in I Jiiiiit Ih 4 

I 111 1)1 iisli ai I .iitn ilsn a sill Lii i mill li inslns nw [>1 ii l)^ pi dmiIiih; .i lic|uiil 
Jilin 1)11 .ixsLllLil sill fail I Ins null Uiulsiisill UiiitTalimi nl siiiamsni nxiilarinii 
ilililiis Mniniiiil at a lixiil k\il it u;iiuiati:s ninilu.iU Unhiikiui and pump 
111^ ailinn uilh sniiu spia\ nl lii|iiiil hum ihi inlaim^; ilinunls ([ii>ui( 1 ti 5) 
\ suiinnaix nl nxs^tn lianshi i iii s nl \aiiniis Upis nl aiialinii iltMits is 
slmwii 111 l.ihit In I 

SIZING OF AERATION EQUIPMENT 

1 \Li[)l 111 i.isi s nl ill i^.isihialinn aii.itiDii iiijuiu nuiil is a liiiulinn nf rk(>iLL nl 
nx\[fL 11 lU III Kill > in lilt u.iui nut ilii nx\n i Dnsninin^i 11 u iiniis iakiiu> plait 
4)1 iIk l xampk s [>i\ui in lalik Ih I nxiclatinii nl iinil aiul iiiaiiiiaiiLst urjiiiirs 
iiiuiti kss nxAi;tii nil a pnnnit pi i 100(1 t^allnns basis ihan binilii miial uxiilanDii 
nl nt[;aiii( inaltiial (HOD) In adcliiinii HOI) i niui nii .iiiniis in linih iiiiiiisrijal 


TABLE 16 4 Summery of Aerator Cepecitiee 



1\ pil ll 1 lllllf>S 

ll> 1) /lip In 

Suhiiu 1 i^L[l ati.ilnis 

PDIiaiS lllfllJSLIS 

1 

Null pill DUS lllffllSt IS 

1 ") 

Sill tail ati.iiDis 

Plate 

1! 0 J S 

1 iiihiiir 

to 

Pi [)pf Him 

1> "i- \ ") 

( [jiiiljinaLiiJii all aims 

2-\ 


* Small units ma\ hi hi^rlui 
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and muniLipal wastewatei are generally muth higher than the concentration 
of non and manganese found in natural wateis Aeiatiuii capaciiv lequiicinents 
for BOD lemoval, iheiefore, fai exceed those ol any othei oxygen-consuming 
1 eaction 

1 he oxidauon of both iron and manganese ukes place must le.idily at a pH 
ovei B Theoietically, I 0 mg/I O^ oxidizes appi oximatelv 7 mg/I of eithci f or 
Mn'^^ Oxidation of ihcse metals recfuires increasing oxsgen conrentration lo 
near saturation 

Oxygen lequireinenis foi biochemical oxidation piocesses (BOL) leinmal) aie 
well established loi municipal applications In cases wheie no industrial wastes 
aie included with the sewage, aeiation capacity is stiictU a fuiiition of loailings 
and the type of treaimeiit piocess to be applied Some plants pinsidi iiioie in 
less delation capacity depending on the extent to which the sludge is being 
aerated and the amount of clenitiihcaiion tei^uired 

In industiial applications, as in municipal, aeiation iec|initiiiLiits air liint 
tions of BOD loadings and extent of sludge oxidation 11riwc*yci otlici lactois 
suih as \aiidtions in loadings and waste coinposiiioii iiia\ also [Icinaiid giiatii 
aeiation design capaulies Pilot studies aie usiiallv icf|uiiccl 

Oxygen tiansIcM tales oi aeration deyiccs aie expicssed in pmuuls iil oxygen 
per horsepower per hour \eiatoi huisepowci leqiinements tan be lalfulalid 
once the loading, Mow tales, and oxygen uptake iequiicmt ills .iic known l\ 
amples of such caUulaliniis are below 


Sizing Aoratlon Equipment 


Fiji simple aeiation applications, hoisepowei ref|iiiiiiiieiils ait cxpiissiil |j\ 


hp 


q X / 
21 X f/ 


whei e (^ — flow, mgd 

d = density of liquid, HU Ibs/gal foi water 
[ — loadings cji oxygen demand in mg/1 
q — oxygen transfei rate in lbs Oj/hp-hi 


Example Fin addilion ol b ppm dissolved oxygen to a walei stream Mowing 
at 2 5 mgd using an aeiatoi device having a iiaiisler rale equivaleiii to 2 0 lbs 
oxygen/hp-hr, fNJwei input requiiements will be 


Jip- 


2 'i X H 14 X (j 
24 X 2 


-2b lip 


The same equation may lie used foi buMheniual oxidation of soluble* BOD 


Example Foi oxirlaliuii of 24(1 ppm BOD iii a mgd sewage plant, using 
aerauon equipment rated at 2 5 lbs CVhp-hr, powci input rcquii ements will be 


hp- 


15 X H ^4 X 240 
24 X 2 5 


= 500 hp 


In practice, for n*asons of sludge oxidation requiiements and ovei all safety 
design failors, as much as 50% extra capacity above that required by the soluble 
BOD mav be furnished Similar considerations apply lo milustrial installations 



Chapter 17 
Adsorption 


ill l\|jical iitsli wains llu liiilk cil ilii t rnisliliiMils in aiillLiirl samph ail ills 
snl\t(l iiiiiiLials IhiiL ajt Iiuwlmi siginfiiam aiiiiniiils nl luiii luiiic iiiatnials 
pi LSI 111 as Liilliiuls \iniiiig thisi an silita, insoliihh iiit'ial dmiJls and oigamt 
Loinpnimds suili as luloi and task oi odni pinduiing subslaiucs 

Mil diMsiiin biiwitn irdliiiiLal iiiaiUi and paiiiilis ol l.iigLi si/i in waUi is 
aibiitatv 1 hi ginetaih acitpiid uppii hfuindai\ frn a i iillnid is a iliainelti nl 
1 0 line inn \bn\t lliis si/f p.ii lilies such as line sill ha\c a nuasuiabli seliling 
late and lan bi it mined b\ sediinentaliiin, tlioiigh iIil jhiiuiI Ini lediiiing the 
millc nlratinii In nnc hall its original nia> hi as long as a week nt a iiinnlh Fniti 
lies siiiallci ihan 1 0 miiiiin aiL kept in suspinsinn hi I hi nn|jaii nl ninkiules 
and inns dissnlvid in iIil walci I hi /ig-/ag nnnemcnl iiiav be nbsciied iindei 
ihi niiLinsinpi ami is knnwn as Rrowninn mntinn 

As llu pal Ink si/t IS I c dm i d below 1 0 mu inn llu lalinnf siiiiai e to inlumL 
and miresiMiniliiigl) ihc elcLliiral chaige fx:i iiiiiL weighi iiuiLasc 1 his fiirlhei 
stabili/is the inllniilal mallei pieventing sedimLiitatinn llu Inwet limit nl 
cnllnid size mas be mnsiikuil in hi about 1—10 miilimicinns (I iiiilliiniLion = 
0 001 miirnn, ni 10 '' millimeUM), ilosc to iht dinu'iisinns ol latgc molcLules in 
snlutinn 

( nllnids art iiiillui ilasseil as hvdinphnbic and hvdinphilii, llu IniniLi le- 
sisiing welling by waiei, anil ihe latlei heing siiniigh ailiaiied tn waUi and 
iherefore difheult Mi adsorb lor example, pnlai matenals such as sugai and 
alenhnl are ncit adsorbed by at rivaled laibuii 

Ailsniptinn is the physical adhesion ol molecules nr enllnids tn the suilaees of 
a solid, an adsoibent, wilhnul ihemiial leaLUnn In some lespeets, adsoiptmn is 
similai to tnagulalion and Houulation One distiiution is that adsorption gen¬ 
erally uses an adsoihent solid priKessed espeuall) foi watei ticatinent, in 
coagulalion and flocculation, the ackorbeiii is pinduiecl in situ b\ the leaUion of 
a ihemiLal, Jiudi as alum, with watci 


17-1 



POWDER OR ORANULES 

Ad^Hbents itia\ be either hnely pimderctl materials^ applied io waiei in a clan 
fier or ahead ol the liliei, or 0 5-1 0 mm granules loiiuined in a \esstl similai 
to a piessure filiei I he most loinmon adMubenl is aiti^ared rarbon, used boih 
in pondeied and giaiiulai forms Otliei adsoibents intludc a saneU oi class 
magnesium oxide Ixnit chai and actisaied aliiiniiM Special inn cxihangt itsnis 
aie also used 

Snuc adsoiplion is a suilace leaifion a measuic nl die tflec list mss ol m 
adsoitxnl is its suilaii aiea loi tailmn iJie ttiial sintait ana is usualh (ilH) 
1000 s(|iiin iiititis jiLi gram Hits siiifact is lugativih iliaigtrl Jn sfiiii ttl 
this iht iiegatnc tiiaigc of most cidlfiiiis in uanr drn s riol rhur adsorjjijoii n/ 
high niokculai wughi maUiials .is du iiiokiiif.ii sriiuluit jisi if /Ntoiiits rhe 
conrio/Jjiig faitoi as molitul.ii sniglil iiuiiasis 

\ifsorhenls .jr< poiniis and ihi si/i of llii f)oTis is mmjiom iiir /ins is ok i 
surtd b> iodine nuinbu iiudnJiiu bJui niiinhu oi molasses nuiiilK i J Jn 
iniliru iiijiiiIkt i siinpli fiti ilion most nniiiiionb iisii/ on isiiii s ports jitssniL* 
(oi/oirls Jaigt I dun I niiiiiniumn Jni urn itcric n/ron r/iis iiuiiifu i /i is j r mgr 
Ilf hiO-IOOO 

TASTE AND ODOR CONTROL 

SiniiL lastLs iiid odois in lausicl b^ rniin i d i oiisiiiiii tils in lln u ili i 1 \ itii 
[iksait tilt s ills UtslL a|j|i titiil wtic II ihlriiiilt s lit pii still il lOO iiii«/l ni riion 
itnil till irUlincgg orlui laiist d b\ hsdrogi n sulfnli in soint ui 11 u ili j s llrm 
cvtr most ob)iitionabli tastis and odois in pniabli v\ iiii an ( iiistd In bio 
logical aiiiviiy lablt 17 1 Mans sfieiies of algai ilialoiiis and aiimomvuUs 
pioduci oigaiiic bvpiodiuts such as tsstniial oils wliiili lan bt obstistil In 
miLTostopii f xaniinatinn 1 Ik itliasi nl iliisc mattnals into u lUi p iiiii iil ii b 
nhtn laigt popiilalions ol oig.iinsiiis du prodiiiis nb)t ilion tbk tastis ami 
odors 11lf ick istd oils ciit iiLgaiisils ili iigi il iolloids 


TABLE 171 Sourpsi of Teilot and Odors 
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* I lt(|lltlUV III IHLllIILIILL 

Difitojuanai AsUiiiintlla SsiiLilia 
Proto^wi Ssiiiiid l)ini)hi)mi 
(yajittphytat Analiaina Xpliaiii/oiiiLiiiiii 
( hlorophyttfu Volviix Siaur-istiuiri 
I ungi C rtniilliiix 

SOI RIF Sigwiiiih I* A ( nnitol [)1 Ocloi anil lasu in V/alir Snpplits 49 12 

DtLcmbci 1957 page I')()7 


Usually these efleiLs are seasonal 1 hr\ are innti oiled by die adililinii of 
pins del ed ailivalecl laibrin iifhertn the i odgiilatioii basin oi iinmediatcly ahead 
of the bltirs in a lypital inumiipal watei plant If the watei supply lunrams 
ronsiderable uigariu matter, the plant may need piechlorinatioii, because 
chlorine oxidizes activated carbon, the selection of the best point for carbon 
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application must be made careful!) In these cases, it is often best to Apply the 
carbon ahead of the chlmine application point, it possible, allowing 10-15 min¬ 
utes loi adsoipuon to take place If applied ahead of the filters, because carbon 
IS so finely divided, il is important that the filters be in gcMid londition so that 
the cat bon svill not pass into the eIHuent This final application oJ cat bon ahead 
of Biters nia> iciiiovc lesidiial ihloiinc, so final Lhlonnation after the fillers 
might be iei|iiired 1 he cailioii dosage may lx- as high as 50 nig/l it applied pnoi 
lo clanfiration, it should not exceed 5 mg/1 d applied ahead of hllers 

Mu list loi detLiiiiiiimg iht opiiniuin powtlirtil carbon dosage toi taste oi 
odoi fonlrol-oi lot oiganii timoval—is pt i toi nu d niui li like a jar test Hu 
pioLiduii foi iiitasuring odor is ijuiie clahotaic il tamed mil h> XFHA Sian 
(laid Mclhods howcxii piai tual niodilic.itions ait possible as long as the basic 
piiiuipks ni cliliilioii asmilatiii id laligui isuliiif>ri ftoin liarkgrminil oHois 
and !(sling In a patiil of sexual anaKsis an iollimcd DiHciini arnounts oi 
caihoii ail .irlrkd to a sine s of jais ilu jiisari igilait d lot a i onii oik d pLiiocI 
ioncspdiirling In llu lielMiiion lliai i ui he aMiuscrl in thi plant svsUiii and 
odors Hi ikli rmint d on lilt li t ah il sanipk s afri i/ilrrafion 1/rhi dara lesiduai 
iidiii (\ axis) \s iirliii ic nun t (Knig/I ( (\ axis) nc |ilr>ihfl on log log pape i a 
sit iighi liiiL II soils IiguiL I 7 1 is I ixpii il ploi 

ORGANIC REMOVAL 

11 llu oigaiiii lonitiil ol llu i\ ih i is high anil iilainih i oust ml xiai luuiirl 
II hi i onus niou c I oiioniiial to install piissutt lilti is i onlaining gianulai laihon 
01 risiii than in i miliniimish apph the high dosagis ol poxsdiitd cathon lucded 
lo aiiomplish llu same pin post Ivpiial gianulai lailMiii is ahoul H U) mesh, 
hiving ill Mil fine si/t oi 0 0 iniii and a uniloimilx fOLHinini of 1 K 

I h( paikicl hid of idsoihcnl c iii hi tegintiaticl 11 llu oi gaiiii niaiLiial is 
volatile ihi laihoii hid inav lie legtiiciatid In sUaimng Hinvivii it is iiiou 
convintioiial to icmovc llu laibon and icpiixiss llu malt rial thiough i 
fiiiiiaie 111 1*11 gi installations the fiiiniii is iiistalletl as [lail ol llu taibon 



Residuol odor 

FIgurs 17.1 Oilm rediiiiion with imwdned activated carbon 
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Figure 17.2 Dlsiiih uI nsin 

Ih.kI ti)lniiiii lr»i stiirlirs dJ 

.IlKlII pllDll pi lU L ss 


installation, in siiialltM installations, tin* laihnii iiia\ hi ilisi ai iIlmI, m iinin\icl 
and leiiiirird to tliL* nianiilacliii ri Irn u*pi lui^ssin^ 

Packed beds ol ion exihan^e i esin aie teiriMioialeil witli hiinc i.insini; tin. ion 
exiliaiif^e heads to shrink and exfiel the .irlsoihrd oi};aniL mallet 

Hciaiise adsrnplinn leaitions are lelaiixeh slow, partuiiknh in lolil w.ilei, 
paiktd beds are nsiialh opt rated at lowei Hows than films anil ion t\i bailee 
systems, usualh helovx 2 ^pni pei cuhii t(M)i Beil dejilhs omi loin leel <iil tom 
moil so iliai the iitention time in llie bed lot arlsoiplioii max xal^ liniii It) to 
,Sn imiiiiLt's In exaluaim^ llii pi i loi inaiue ol ^i.iiiLdai herls oi .iilsinhini, pilot 
plant studies are lequiicd 11 or^fimis aie to he iLinoxed Jtom a waste sii earn 
tkie tesini^ piofiiam max he extciisixc, siiul data imisi he ohuined not onlv on 
the lemoxal ellineinx of the adsoihenl itself, hut .ilsn on tin i.tp.thilil> ol llii 
exhausted adsoihenl lo he ie);eneiated 

When caihoii is used, i e^eneiation hx lehiiininp; is .i ihJIiioli pioiess ti> 
exaluate In pilot plant, assisunue h> the laihun snppliei inav he iii'eded On 
the othi 1 hand, tin. leslln^ oi an ion exiliaii^e-txpe adsoihenl is simpU, sinie 
legeneiation is aiiomplished with hr me 


DEGREE OF RECOVERY IMPORTANT 

1 he tests should hi lepeated foi a lon^ enough peiiod ol lime lo mfliiale 
whetliLi the Lapii(il> of tin lesin is LOiiipletelx reilaiined lacli ief*i iiei alioii, 
and theieioie, lo wJial exleiil anrl how he(|ueiill\ i eplai eiiieiil ol lesiii nia> he 
necessary lests ol tins kind ate nsnally |H'iioimed in f^lass IuIm’s approxiiiialelv 
1 null in diainetei, with a bed nl ^^0 niches of lesin ailsotlienl 1 lie lube is pio- 
xided with end lonnec Lions lo peinul niiTnial dowiiHow proiessnifr, bar kx\.ishim> 
loi rleaniii^, and elution of ai i iiinulated oi ^anu maleiial willi hi me \ Ixpii.il 
test set up is shown in Figure 17 2 

A plot 1)1 oigdiiii lemoval h\ .i packed column ol lesni, iegeiicnalerl with 
brine, IS shown m Figine 17 3 

Because the inaleiial l>emg lemoxccl is colloidal, and the ibarge on the* rol- 
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Throughput, thousands of gol/ft^ 

Inlet TE-26 mg/l os CoCOa 

Organic-2 2 mg/l os 0^ consumed 


Figure 17.3 lJiaii|^L's m wain [|ualilv ihulIlilcmI In passage 
1)1 .111 ni-i iiiilaiiiinf; wain iliiniigli .i liriiic-i rgencralrri 
orgaiiiL nap. 


Ifiiilal nialU'T is iiiHiu^iiiril hv pH. larrliil innirnl iil pH niav lit* nceilerl in the 
ailsni plinn |)iruL'ss. Ii is piissihlc ini a suiltlni inciL'asc in pH In ilirsnib tiu* 
Liilliiirlal inatu*], inulcring tht* elHueni [pialily pnnm than inlkicni. 

Aliliniigh some siliia in water exists as the bisiliiale (HSiOa ) anion, it is likely 
iliat il is lot the inosi (jaiT preseiil as a negatively iliargeil rnlloirl. It can be re¬ 
moved b> anion exthaiige in a deiiiineiali/.ing sNsleni, suggesting tliai il is iojiii; 
it laii also be adsnibed on pieiipiiaied iion liydi oxide and magnesiiini bydrox- 
irle, Inllnwing an adsoiplioii isoflierni, wliiih suggests that il is lolloidal. 

1 be only elleilne adsoibeni lor siliia wbeii Healing water at Upiral surlare 
water tcmpcraiures is iron bsdroxiile proHiited fiom u.sing iron sails as a lo- 
agulani. Relalively bigb rlosages are tef|iiiied liir rnnoval, and aibieving ibese 
dosages pindiaes liigii sullale salts as a Inproduit. Nevertheless, in some nriiiin- 
slanres ibis is an eHeilive proiess. 

Silira is also lemoxed in lime sollening processes. ITie magnesium hydroxide 
precipilated in the proiess is ibiefl) i e.spnnsibie loi this. The process is iiiefli- 
iieiil at amhienl sin face waiei leniperaliires in a loineniinnal lime sollenei 
with one houi deientinri, bill it beiomes ipiile signihiaiil at leinperalures nl' 
1!2()-140“F, and ver\ elleilive at l)piial hot-proiess soltening temperatures in 
ex[e.ss ol 22()°F. CaintaiT time anil density of the adsorbent sludge are ini|>ortanl 
lai tors. 

1 here is no way to predirl wiili aiiuraiv ihe ellertivc dosage inr silira reinnviil, 
panii'idarlv where iron is useil as the coagulant. 1 his niav be beiause there are 
other Lompeting reailions. However, the jar test is reliable tor anticipating the 
required ihemical dosage tor silica removal. 

A lypiial isotherm showing the removal ot silica at surtace water temperaluies 
with lerrii siiltale is shown in Figure 17.4. A series ol tests using iiiagiiesiiim as 
the ab.sorbeni are plotted in Figure 17.5. In all lases, the amount nl magnesiiiin 
required Inr precipitation is over twice what would be reejuired it the reaction 
produced magnesium siliiale. 

APPLICATIONS OF CARBON FILTERS 

Figure I7.t) .shows carbon filters in the beverage iiidiisti^’ following a lime soft¬ 
ener. Acciimulaied solids require frcqueiil baLkwa.sli of the carbon filter lieds. 
The density of carbon is only 25-30 Ih/cu ft, so backwash rates must be kept low. 




Residuol silico mg/l 51O2 


Figure 17 4 Rcninvil ol siliLthv Urni siilliit 
al Mvti warn LLtiiptrauiri 

I his limits effective cleanup sfi the ualei suppl\ lit llu Lailinii btil shiuihl ht 
Lleat 

Not only art the oiganu timtamuianis rMiiined linm walci bui sn ilsii is 
residual chlnnnc which is eliininaltfl h\ the lullrmiiifr thi mil al rLiition 

Hi O + C -►CO + 4H( I (I) 

In ihis chLiiiiial rcaitiun 1 m^/l Ch reduces the ilkaliiiily ul tliL w itri hv ihriiil 
] ^ mg/l (as C aCOi) bv thi produi lion of HC J 
III ihc iHsiragi itidusii) must botiliiig plants 111 iinili 1 1 fi me hist ii);iu 
meiil lliai ie(|iiiits iiisiallalioii of water ticatniLiil faiililics lo it dint liiidiitss 



FIgura 17.5 Silica adsorbed by Mf^(C)Hh prctipitated from ICMTC pH 10 




Figure 17-6 In iimsl liiMia^t plants rht ^atti suppK is siipnLhluiinaU il nirl limt 
lit ilirl III I iiilcl piiKLss snlUiui (in h ii kfi^ioiiiifl) (■laiiiiliii lailinn liltiis (Ini t niincl) 
■ III n 1 LiiiriM 11 siiliial 1 isti niliii anil ililniiiii iii pi iiilur i luitii iliai ilni s iinl inii i li it 
uitli lilt tUsiitd II mil 111 llu liiviiagL ff ri/ hifilfu fh^imont Im } 


•iiirl .ilkalifiiiv iiltcn iinoKiii^ (iilcl-liiiR soilniin^ fii'ipirnlh lii[ili ihloiine 
ilosaf^ts .111 (i|i|)lii il 111 iiisiiu cnnipltu sii iili/aiiiiii M Mil tL'siiliial iI iIoi iiit wfie 
not luniiMnl. It uoulil ilt-sliin suiul of ilu iii|*aiiK iiiatriials iist-H loi flaxiiriiig 
In ihp biewiiig and riislilluiv indiisluts, liip ildoiiiic would be objcctinnablp in 
ibc (pinii iil.iLinii pifitpss So im ihrsL opt ialums llu lailion liltiM is iiIimI ioi 
itiiioMiig laslL's and iidois and ioi ilp-ihlnimaliiin Hrcaiise Ihp waUr has been 
pieiieaicd, llu mgaiiu loail is gencralU vli\ low I lie laibon nia> npeiate Ini 
SIX monihs lo two vcais brlnie exliausiioii, and ii is olleii iiimi piaLiital to u- 
plate the tailmn bed wiih new inaleiial ihan lu icgeiieiate il 

Oiganii mallei in walei lan laiise peinianeiu louhng of annm tesiii used in 
deiiimeiall/mg scivue The walei supplied lo dtmiiieiali/eis has geneialh le- 
it'ived sescial steps iil pielitatinml, so tlial the appliLalioii of laibon filters 
piini to demineralizing is \er> piailiial suite the watei is tlcai and the oiganic 
load IS leasonabh low Since t him me tan damage ion c'xchange lesins, i at bon 
has the same advantage in pictieating watei for deniineiali/ation as in bottling 
plant opeiations, since it will de-thloiinale the watei as well as remove oigames 
Ihc larbnn fillets are backwashed as needed, but regeneration is seldom piat- 
tited betausc of unfavorable einnoiiiits The exhaustion of the carbon can be 
delcrminerl bv measurement of organic matter in the tieated watei 
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Figure 17.7 \ n-iiki nuniiiitit i ifiNiii pilm pLini used tin u isn un ti«. ii 

iiic*iil Murliis (f oiirffs\ nf lUniins WaUt htatmtnf t ttmfmuy ) 


WASTEWATER TREATMENT 

The rpinoAiil of urgaiiir marui (inni uastcfuaiti is in a LOinpItft]\ Hilltunr 
Laiegon lium the cailici cxanipks nf Laihon ricaliruiil siiiu iJit iiTgaiiu inn 
rentiatuin nia\ ht i|iiitc high Most waste lieatiiunt plants in laigLi inriiisiiiis 
dischaigiiig iliieitls insinanis uninvi iitgaiiu luatlii binlnt^iiallv in (iinininiis 
aquariums in which bacttiial iiiltuics list dissnhccl nigaiius as then Innil Hnw 
evei, bactciia ha\L pu Itii nr es in fr>orl and ihnsc iiiateilals nnl u.uhh flii*islcil 
—called refiactnrv nrganiis—ina> iini be (nnsunit d at all ( atbnii has ilii .ihilits 
to adsoib mans nl the it(iailoi\ maieiials which cannot be digcsiirl tinnnini 
cally in a binlognal s>sum Powdiicd actnali rl taiboii is used in snnit binlogiial 
digestion systems 1 he eaiboii uiiutnitaiLs the Innd sniiiit so that baiteiial 
cnlnnic s ilinging In It can rniiu cffiiiLiitly innveit thr organic Innil in hininass ni 
all the way in ( ()2 

Heiausc the ciigamr unite ill nf waste wall is may be scvcial nidus nl in.igiii 
tilde abnsi dial ni (icsh watii the croiinmiis ni caibnii tic.ilmcnr nf waste 
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Figure 17.B ( arbon conlafiing anil icgcnridtiiin—piiwess flow diagiam with 
upflow cnniaciois 



waters ts va&tly different lioin the treatment ul fresh watei It is essential that 
the Laibon svsiem be dcsii^ned lui thermal i egeiieratioii In sikIi a system, the 
lailxHi niav pitk up 0 2-0 4 Ih (kg) iif niganiL iiiattei fr>i eath pnunrl (kg) ol its 
nwn weight before needing regeneration fhc adsorbed oigaiiiis air usualh 
binned off in a legeneiation luriiaie Approximately ^I'/r of the caibun adsoib- 
enl IS lost on eaih pass llirough tlic furnace The jx*!foiinanee and costs lari be 
e\aluaierJ oiiJs by piJol pilaiit operations (Piguie 17 7) 

V\]ieii L.iiboii l3cds arc used fm polishing the e/Hueiit lioiii a hiologiLaJ sys- 
iLin, the lediiclion by ihe bioIngnaJ syslem of the oigaiiic lonieni in leseJs in 
the i.mge of 10-20 mg/1 oiganic as ( OD may permit iIil iiistdilation of innxen- 
lional downflow laibon lilteis Howc'xei, wlieie the larhon mav be t(*i|Uiied to 
]irodiiie liigh qiialily effliie*nr fioin a fanty high com entiation of [irganu matlei 
111 (he iiiffiieiii, iounteiiuiicut opeialioii is desiiable sri that the final effluent 
iLaiing the car bon heel will Ix' in eoiitael wiih the fieslii^sl laihoii \ Mow dia¬ 
gram illusiraiiiig siiih a Loiinteiiutieiii system is shown in Figure 17 H 

An actisaleil cailion s\ste*ni has bet'ii opeiatiiig al the South Lake lahoe 
sewage plant siiuc lOfiK as pait of tlie polishing system lollnwing irnnentional 
.Klisalirl sludge sewage tieatnunt I lit eaibon lolumn is an upflow packeil 
lohiimi li.iving .i total bed depth of I f feet (1 J mi and jnoyiding about 20 nun- 
Hies lesidiMite nine f he ifriw sheet foi the [iJaiil is shoisn in Figiiie 17 9 With 
this syslcMii, tlie watei quality al vaiioiis stages of lieatmetil is shown iii Table 
17 2 111 till o|X'iaiioii of 1 Ills system, appioxiinately 200 lb (00 kg) i ariNm aie re- 
giMieialed |xm million gallons (17S^ ni*) of watei treated Ihe oiganiL inateiial 
lemined iories|M)nds to a carbon loading ol 0 4 |Kninels as LOT) |)ei |N)iind of 
cai 1)011 iL gent'i.iieil Aitndted laibon foi or game lenioxal is eijiially iniponaiil 
111 indusiiial wasti tieatmenl ihe laibori is capable of ieiiioxing main oiganu 
matciials that aie not hioclegiadable, as in lelinery uastewaleis (Figure 17 10) 
laigc plants hast then nwiiioinpleu facilities, including legiMieiation fuinairs 
V\luie iliis may not he econoniiial. the lailMiii suppliti iiiay install llie iiedlineiii 
11 nils and ])iinide ii^geuieiaiion as a set\tee (figure 17 11) 

RESIN COLUMNS 

Special ion txeliaiigt lesiiis have hc'en dexrlojied lo peifiiim as ailsoibents in 
the leiiunal ril mgames limit water In the application ilesiiibed eaihei. wheie 
resin is used lu pioteil a deinineTali/ci against louliiig, the c'qiiipnieiii iitih/ing 
the lesin is ahnosi identical lo a Lmiimoii ion evihange unit Ihe lesin is sensi¬ 
tise to Lempeialine ehaiige. and lliL slowei rales of iLailioii al low Lempc^ialines 
lequire that the flow tales he seleileil foi the loldesi wain aiiiiiipaled Similar 



Figure 17.8 Ii'itiary liealinenl sihenidlie—Suiilh i<ake lahcx, (iali- 
liirnia 
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TABLE 17.2 Water Quillly at Various Stegas off Traatmant at South Laka Tahoa 
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Figure 17.10 A 2000 mmi cuiiiiUTiiirrcnt diiivdicci caibtm svsi»n iu*aiiii^ 
leliiieiy wasie«valci Lacli roluniii is lO'-O" iJianictci wilh an iivtrraJI hn^^hr ni 
b5'-n" and bed depth oft 15'-0" A S'O" diametei rnulliple heailfti ftuinaie 
rcf^eiieidles spent larbcin ((sourtny Illinou Water Ireatment Company ) 
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Figure 17 11 \ piikigtil l iibmi iilsi)i|iiii)ii S\S|(III ^ilh pinvisiini liii 

L IIbull 1 1 linn iMrji i l^liui iliiiii il i si |iii iii st i\if iii|; I iiilil\ {( outhw uf 

( t//irpn ( Of/jOJfJ/JfW i 


C)i lilt viiiil> oi 1111SII llaiu oils ailsoipiion pnutssis in irliliiion to ihost 
flisiussirl lluoiicli KiiKixal is ol soiiu iiiipoilamt 1 irnr jiitiipiiaiion laitK 
iLrliULs lliioiiili IkIow 10 in^/1 liiilhii luliiflioii ran hi ohiaiiiLd b> adsrnp 
lion Dll iiiaf^iu Slum oxirU m a sluii\ t\p( loniailni oi h\ passai^i of ilu nuoi 
iih hLaim^ wish Uiioii^li a toluiiiii ol hvdiowapalilL LxpLiiiiiLLS with iIilsl 
pioitssis au limiti d and IhiuIi it sis niusi hi iiiii lo obtain ilila im design and 
loi Lslimalion ol losis 
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Chapter 18 


1 \ .ipiM .Uiii s .111* uifli'h List'll 111 iii.iiu wait I II t .iiniLiii iipL'iiilioiis, such .is pirp- 
aiatioii nl bfiili'i 1 1 L'llw.iit i, i oin I'lili.uimi iil diliiU'ii lii]iif)i, r\apiuatii>n iii sf.i 
w.ili I lo pinrliiit* lu'sli w.ilri, anil tiim I'lin.ilinn nl waslt* li(|iir)is in it'tluLL' vi>l- 
iinit' liii liiiiliri p1tKLsslll^ 111 (lispiisal 

I lu' Upu.il tx.ipoialrii is likt .1 fiit'-liihc linik'i, willi llif naiiir ii'pJatL’tl In 
siiaiii 111 piiiLL'ss vapm as I he heal siniite. Inil, llieie .iit* si^iiilii aiil ililleieiit es 

1 1 he ex.ifiinalni has a iiiiith smallei leinpeialuie .moss ihe 

heal II.inslt’i stii lai es 

2 ll iisiiallx hfilils less liipiiil 

S t x.ipni .ilin tiihes aie iisii.ilix iii.iile ol spetial nieials (lil.iiiiiiiii) ni allnvs 
(siaiiiless sieel), wheieas hiiilei liilies aii iiiatit til sit el 

In liaiislei heal elhtieiiilx al low leiiipeiaime ^iailieiit'i, llu exapnialin 
siiiiates iiiijsl Ik* kepi liee nl ilepnsils, which have an iiisiilaLini> eiletl C niictl 
cheniiial tieaiiiieni .mcl si liecliilecl i leainiij^ aie iinpnilaiit 

l*vei\ lic|Ui[l exeils a vapoi piessute, the ina^iiiliiile nl which is a ineasiire 
nl iis \nlaiilii\ lli^h x.ipni piessuie lupiiils evapniali' leaclilv, xxhile ihnse willi 
low v.ipni piessuies evapniale ninie slimh. iec|uiiin^ an intie.ise in ttnipei aim e 
to speed ihe i.ile Ihe kmeiic eiiei^ of all iiinleiides iiii leases wilh miie.isin^ 
teiiipeialme Ihe lale nl e\a| 3 nialinii ilepeiids on ihe naluie nl die suhslaiice, 
ihe anioLinl ol heal eiiei^ applied to the lii|iiid, .ind siiilate edetls 

When a lii|iiid i eat lies the teiiipeiaiuie at wliith its \apni piessiiie eipials 
atniosphei II piessuie. hniliiifr net in s 1 Ins is the i a])id evapniation fi nni all pai is 
nl the lic|iiid mass, wilh hiihhies of \apoi loimin^ in ilie niieiioi and nsm^lotlie 
sill face Ihe piessuie withiii these buhhles equals the vapni piessuic nl the 
lifpiid at that leinpei atuie, so the hoilm|r puuil depends on I he exieinal piessuie 
1 * 1)1 example, al sea level, pine walei boils al 212°!* (lOirC.) wlieie its vapni pies¬ 
siiie IS one atniospliere (I hai), nr 117 llj/sq iii 11 the exLeiiial piessuie is le- 
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duced, as cxtuis at elcr\alions .ibnvc sea level oi undei vacuum, water biiils at a 
lowet lempeiatiiie 

EFFECT OF SALT CONCENTRATION 

Suite evapiirtUois nia^ pine ess liipiids oiliei lliaii pinc' walei, lailnts ntliei ih.iii 
aimiisplieiu piessiiie must iilsn be iniisuleiecl Snliible salts iii the sniiiiuiii lie- 
11 ease llie vapni piessiiie. elesatmg the bulling pniiil 1 lieiefnie, as rliliile lii|iiiii 
esapitates .mcl Ihm nines mnie ciniLeiilialeti, its bnilmg pninl uses I'l^ine IK I 
shnw^s the bulling pnmt elesatinn as llu iniuentialinn nf a salt intliases in 
ai|iuMuis snlutum 

As uaiei is esapnialed finin a siilutinii and the liquiil hei nines innie innien- 
tiateri, it is imssible tn i run eiiti ale In the pnint vsheie I he sniiihiliis nt ilie sails 
IS exteedecl I his icsulls in pteiipitatinii, iisiialh as stale nii the heal liaiislii 
sill laces Wlieie w.ilei is being exapniaied, the scale ina\ cnnsisl nl sails ol i al¬ 
lium, inagnesiiiin and siliia 1 his scale seveieh leiliiies the luat tianslii laii, 
sluuiiig e\a|jniaLinn and ieducing Ihetnial elhuenis 

It takes a lot nl hear tn e\apntalLM\aiei Raising the iempei atm e nl nin pniiiid 
nl ualei l”l ie(|uiies 1 Bin. in change that one |>niind intosapni at iiliiinspln iii 
piessiiie leipiiies M7(l Htu I he high etieigs i eipin eiiieiit lot e\apni.Llir)ii makes 
It iinpniiant that the. heat balance nl a plant Im cnntinlhd Im in.iMimim list nl 
cneigv \ ispical esapinatni iisiialh leceixes heal hnin livesiiain in Irnin suaiii 
blc‘d li 11111 a Luibine 


EVAPORATOR DESIGN 

Iheie IS a laigi \aiiii\ nl designs nl t*sapniatms, allhniigh tlu ina)niil\ wink 
nil the iinniiple nl steam passing on the oniside nl a senes nl lubes wiih waiei 
01 water solution, eilhei iniihned nt i eiiiciliated, llnwiiig as a ihm lilin osei the 
inside nl the tiibiilai heating suilace Ihi* \aiiniis l\pes nl exapniiitrns aie 
ilassilied arinrdmg in the wax the want is vapnii/ed 

I Roibuf> lypt 1 xapntalnis which IicmI watii tn the bnilmg pnmt and e\iip- 
nialL It by appKing an external beat snince 

12 hlash lypt txapnialnis which supeiheal watei bx an exieinal he .it snuici* 
and Hash it into xapni 

^ Cunifnrwwu typt> Lxapotamis which addeneigx to watei \apoi bx iniii- 
piessinii and leluni this tn the exapnialni bndx as the heal snuiie Ini hnihng 
In the siihmeiged tulie bnihng-txpe exapnialins (ttgine IK ‘2), sUam enieis a 
tubulai element, boils wain, and clisihaiges watei xapni Innii ihe exapnialni 
shell Ihe heating elements aie usiiallx bundles nl tubes nl xaiiiuis innligiiia- 



Flgurs 1B.1 MUcI nl snIiiliDii 
iniK enliaiinn iin .iliiinsphii ii 
iNiiling using Na( 1 as an 

esaiiiple Ini anx speiifii iniiien- 
liatiiiii, die sriluiinn iMiiljng pnitils 
at sexcial pressures pinileil 
against the iNiiling pnints ul wain 
al these same pi essin es pinducc a 
stiaight line 
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Vapor 1o condenser This can be o separate 
surface condenser Id produce dislillote or it 
con be buiH into the heat cycle on o stage 
heater operating at o lower lemperoture 
than the stpom supply 


Blowot' to waste 


Figure 1B.2 Siiii|ili sulmu i^i rl mlir t \.ipiiiriii>i 


iiniis I lu'St iii.u i i»iii|iltM(‘lv siibiiii'i^rli in llir wali't, p.itlKillv sulniii‘i^L'[|, in 
.111 .iiiL;i‘rl s(i iliji oiil\ .1 lilni (il walti llimsaiinss llir siiitiiu's In L.ifli 
llu sp.ii I Im \,i|ii)i ^iiiii.iiiini I11I1SI In aiiipli Id a\ mil sltMiii blaiikciiii^ ii> ]n r 
Mill loiiliii^ with hjkiil nil sliitl^r 

Vs 111 ti l)Dili I. hire il-nll 1 r^iiLUcs ihi^ si»liils i niiirnliauiiii nl llit hiiiliii^ lupiicl 
\ .i]nii-|uii itMiiii (li'\ Ill's Map niiitiiiirfl wain iluipU'Is J his is pai rii ul.ii h ini- 
pDil.iiii will 11 llu aim 1)1 I Vtipinalimi. .is in iiinsi w.im iicalnu'nl s\slrms, is In 
piofliiii hii;li (|iLilil\ ilisiilliiu i he N.ipin piiiiliris ait i ninjiai ahle in ihnse in 
hoik IS 111 .iililiiinii In llu i nineiiiiniial ilrsi^iis, Inihhli' tap piiiificis aie siinie- 
liiius Lisid 1 lii'si I Mill II |i.iil nl ihr ihslilkiu in i nnlinii.ilK wasli lirsh \apni 
\ hniliii^-L\ pr rvapniatni with ])inpi'i iliseii^a^in^ .iiea sliniilil piniluie ihs- 
lillali willi k ss ill.in 1 in^ I inial ilissiiK ed snlirls llir i|iiahis is .iIIllIliI h\ ihr 
rlissniM il snkds i null nl nl hniliii^ w.ili i whii li m.i\ hr i ntiained in llir s.ipni dis> 
ili.iiL'i' I r)wci sniids IrM'Is atr 4 iil.iiii.ihk with mnii snpliisliiiilrd \a|)ni piiiihiis 
.111(1 1 niis( nali\rl> drsi^iird r\a|n)i.iini rlrinriiis V.ipni (jii.iliU is aHrnrd In 
llu ( (Ij lihriaiid linni llu huailiniiair .ilkalinilx, |iisl as iii hnilri nprialinii 

CONDENSATION 

Pm lin'd Stipni k’.ixiii^ ilir ixapnialni is iniiik’iisrd m sex rial waxs 

1 In nidri iilililx sxslrms wluir rxa|n)ialnis xm'Ic iisrd in pinxidr hi^li 
i|ii.ilii\ ni.ikriip. dll' x.i})ni w.is disdiai^ril ihinii^h ihr ilrarialm^ hr.ilri and 
Miiidt'iisrd hx thr hnilri Irrilxx.iUi (Pi^iiir lK‘i) l\rx\ iililitu's ii*^r drniiiirial- 
i/('i s iiislrail nl rxa|jniainis in pinirss niakriip ) 

^ Vapni max he iniuk'iisrd hv .i sin lair (niulriisri il ihr pmilird li(|uid 
phase is in hr krpi srpai.iLrd Ini sninr irasnn hai h pnuiirl nl xapni hrtomrs 
niir pniiiid nl dislillair in ihr inndriisri slirll 

Ihr x.ipni max hr Iril In ilir luhr rlrinrnl nl llu srinnd L'X.ip(ii.itni 
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Multiple-ctfc-Ll evapoialois aie used pnmipall) tnr ihemical piiMCSs iipma- 
luins I)piLal of siith e\apuialors aie the uinls lound in the pulp industi) liii 
the emuenlralinn ni sullalL black liquni (figiiie IH 5) 

lilt ])iiniaM aim i>f Lvaporatiiiii in lIu piiwei plant is tii pinduce l>oihr 
riiaktup of hifih qualitv 1 In chemical litairnenl pio^iain must Ik desif^iied to 
pioihut high-puiiiy \apoi vihile hilpiii^ to mamlain ikan heat transfer sur- 
faits As in bnili i vsatei i oiiditioning tiu {;oals of cliLmiLal itL-atmtiit are (Cin- 
tiol ol c.iMsmti piLXtiilion of clt posits ami eliininatioii of cnirosion 1 he 
in.ikiiip to most utilitv t\apoialois is pritiealLd to leiuove haidness, ieduce 
alkalimtv, anil tlimiiiaie dissolxed oxygen 1 lit Lheinital tieatnienl applied to 
lilt cvapoialoi sfioulcl lit iontiollc‘d to maintain the limits shown in lahk 18 1 


TABLE 1B 1 Typical Evaporator Conlrola Following Pratrealmanl 


Kc iiliiig 

K ingi 


Win 

It mil hrnv in imtairu cl 

IDS mg 1 

2, itHl 111 i\ 

111 

e\iporaior 

bv blow down 

Sit) iiig/i 

1(1(1 111 i\ 

111 

r vapor itoi 

hv blowdijivii 

IhdiDsiili iiiL,/l t i( O 

ISO J(l(l 

111 

i\ ipiit iloi 

b\ hloudown oi h\ \ if)H (lliI 

Disptisiiii iiid iiililnini 


111 

I V ipoi lllJI 

b\ i hemii al Ictd 

rt)4 mg 1 

1(1 III) 

In 

L \ ipoi itoi 

li\ pliosphaii III g mu in iimciii 

St) 

1(1 ti(l 

In 

i V ipoi iloi 

In ihc line il feed 

,.li 

hi S (i 

In 

\ ipoi In imini lie iliiii iit 


son Whiu iliiii IS iiD |ji 1 III aiiiiLiil III t\ ipoi lint iiiaki up ilitiuii its shiiiilif In fed 
till Hill Ml it 111 iiniiiii jusi IS (ill I lii\\ pitssuii liiiiki IS shnun In f ihli IHi 


Whin iluu IS no pit til itiiii nl of the cxapoiatoi make up thin the rheiincal 
pi 0^1 1111 should hr the same as used foi inliiiial inatniLni of a lrn\ piLSSiin 
bode 1 as shimn in lahle 18 If When the IilcI to the txapoiaioi is liiaikish oi 
si a wall I It IS (dim dilliiull to mamlain a si ik fiei ssslim exeii xmiIi a |^(Kid 
intc 1 n.d tie.itnu 111 pio^iain In siuh casts tin opei.ilion is piogianiiiu rl so that 
sc.dt IS alliivnd In hudd up on the healiiig tubis loi a plaiiiiLii peiiod ihtii iht 
Icmpeialun nl tin s'sie m is suddenh ciiopped cicaiiiiga iluimal shock that 
(lacks the scab fiom the tubi suilaie loi iciiioxal lioin tin bollom ol thi i\ap 
oiatoi Othei ixapoiatois an inanufaituiid with bovnd lubrs whidi Ilex wilh 
tempi latuiL iliiiigi also nsultm^ in scale ilacking and shedding 


TABLE IB 2 Evaporator Conlrola—Inlernal Troalmanl Only 


Ki 

iilmg 

K mgi 

Wliiii mil turn iiiaiiii.milit 

IDS mg/I 


I’llH) III ix 

In iv ipoi iliii bv blowiliiwii 

Sit) mg/l 


100 max 

In ( \ i|H3T itoi bv hliiwdnvvn 

H>ili oxirli 

mg/l 1 at Oi 

I’ll) 2i() 

In tvapoiaioi liv blowdown in bv iliiniK il Iced 

l)is|)tisani and aiudoim 

Il an 

111 (va|>oi Iloi b\ sikiimg piii|Ki lit iliiiLiii 




loinbin iiinn 

POi mg/l 


0 


i>ii 


HI H h 

111 vjpoi imiiu ill Jiiiitiii 

SO, mg/l 


If the tvapoiaioi is usid iniciiiiiitc ndv a usidiial SO) nl 


k)-hl) nig/1 should hi maiiil.iiiu d to ptiilcri du t\ipii 
inloi shill fiiiiii loiiosion 


MULTIPLE-EFFECT UNITS 

Although mulliplt-iflccl cxapoiaiois aie usually used foi ptoeess opcialions, 
lhe> havL a dLlimte iie-in to tlie utdity s\slein In the pulp ineiustiy hve, six. 







FIgura 1B.6 Hlaik lu|iini t vapnr ilm in a kiafi |Hilp mill Sciriii i>l tin i mi 
ilcnnatt Tiia> hi ifcn\Litil Im itust hiii ininh ril it is r mil iiiiiii ilt rl with 
siillui iiJiiipminrls (i ri/ t utinh lhii\ion I mtiytn f ot/mntion t 

ur even seven tlliit lv j|ioiaifiis ait iisicl in innuniiaiL w.ium hoin ilii pul}) 
washers loi reinvery of cooking themuals 1 hi hlaik liqiioi niav Ih loni eiuiated 
to appinximalelv UWr inlal «inliris, of whidi alioul half an oig.iiiii niatcnals In 
ihis conditinn, the black liquor can In filed to a black liquoi iccovcn fiiinaic, 
the organic mateiial suppnits its own Lomhusiioii and smells the looking liquoi 
salts lo a reroveiable form liguic IK b shows a lypiial laige installaiion of such a 
black liquoi e\a|H)raloi f irsh sliain led lo the fiisl i fleet piodiiits londinsalc 
that can be leused as boilci Iccdwalei llowivci ihi londiiisali ^noduiiil in 
subsequent stages is tim contaiiniiaud bv volatiles loi siiih use but iiiav bt iiseil 
for brown sloik washing, sloik liiliilion oi olhei piiiposis Somi of this um- 
densate is so foul ihal it must lx siiip^xd Infoic it can In pul into llit siwci lot 
tieattnent in the waste tiiatiiuiit plain 1 he \a|>ois sliip]>id (loiii llu loul loii- 
densate may Im sent lo llit limt kiln wheic tiu oigames ies|Mmsibli lot the loul 
iMiors aie burned 

Ihe bauxite induslt> also uses multiple-efli c I evaporalots lor c oik i nlratioii 
of sodium aluTTiinate liquors, piodiicing moie loiidiiisrite than leiiiiiiid lot 
boilei makeup However, again the ronilensate is usually Icm) loiitammateil lo fx‘ 
dirertly usable as boiln feerlwaier 

A final example is the beet sugar indusliv. wheie syiups aie foncerilrated 
by evapoiation, again piodiiung an exirss of conilensatc ovei boiler makeup 
requirements 1 hc^se londciisates aie iiequeiitly ionianiiiiaied with sugar, which 
15 veiy detrimental to boiler opeialion, and animonia, which is corrosive to 
systems that contain auxiliary cquipmenl fabiiiated of copper alloys 

The advantage ol multiple-effect in increasing yield |jei uriil of encigy can also 
Ixr built into Iwn quite diffeient designs of evaporators whiih bear little lesinn- 
blance to the standairl multiple-effect evaporator 1 be first of lliese is the vapor 
compression siilJ, which was developed initially for sea water evapoiaiion 
aboard ship (Figure 18 7), and the second is the multi-stage flash evaporator, 
which has become popular for the production oi potable water from brackish oi 





Figure 1B.B Thiet Hash c\.i|Miratui miMliilis tath ^ith a lapaiitv »l 2 5 iiiffd piodutmg 
polalih watr I fm Al Khubar Saudi Arabia (( aurttsy «/ 4qiia Chtm inr) 
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Vertical lube forced circulolion 
(single pass) 


FlgurolB.IO \i\|)i iilLva|ii»ii 

iiii ilisi^ii iiMillni 1 mil I iiii.iiioii 
n 1 I ailiinf ii\i wisiis h mil 
line li .11 full iipini issiii^ 
((imrtfw of f tnhth />ii 
/ lodyuf ( firffoKition ) 


sea ualei (Injure IH H) tinth iil ihest ili visits wDik liii Ifiw uiiipLialiiii (IiIIli- 
rntials and must \ h : kept lice oJ deposiis to iiMiiilaiii t thiicnl heat ti.iiislei I lash 
evapnraLuts having a Lapatiiv ol 7 5 nigd (20 mVmiii) havi huLii iiislallrrl Ini 
inuiiHipal uaiei suppK in the Mirldle I'asi, wheit rntigv insts an lavniahle loi 
such an iiisrallaiion (l^iguie IH 9) Wheic sea walei is being used as the feed, 
cheniical ticatmcnt loi pieveiiLiun iil lahiuifi taihnnale, laluuni sulfate, and 
magnesium hydroxide scales is icqiiiied This has usuallv involved leduiLiun ol 
alkaliiiit\ and opeiation .ir low pH, but laige inslallalioiis may find pietieal- 
mervt ol the sea waiei of value Such pieirealnieiit has been ruled oiii by ihe 
high (ost of cheiiiiLals and the extia eqiiipmeiu, but the iiiireasing inst ol fuel 
may offset this m the fiituie Special alloys must lie used ihniughoiil to countei- 
act ihe lonosive effects of the lonrentiatcd sea waiei 

1* vapor aims aie finding application in the (oncenliaiion of wastes to iiiniiini/c 
volume, simplifv ulniiiaie deslrinnon, oi both I xamples iniliide ifie treatment 
of radwaste from niiileai pimei plant opeialioiis (ligiiic IK 10) and (oiiienira 
tion of plating wastes (Figinc IH ] 1) 






Figure 1B.11 ( iiinpaii ivipniiim fi>i i inii i nil aliiMi mil 

ol |ij i|iiiL> siiJiJliiMis lifMii iiiisr ualLl nf lutlnshuil 

I tiitt Pumb f ntjf/jnfn ) 





Chapter 19 

Oxidation-Reduction 


I III I hilllucl in 111 1 oinliiiu s wnil o\M*tII .iiirl jI thi^ Jin I is iaihon ilii loiiipJitc 

IC.K 111)11 IS 

( + () ( () 

Xliliiiii^h fills illiisii atiDii III i DiiihusiiDii is an i)\iilalii>n iiaiiiDn uhiii i.nhini 
Liinihiius uiili <j\\(>Lii not all oxiil.irioii iitiiliDiis iiixnKt i)x\y>tii In Mil ah«>\t 
iiarlion il is appau lU lliai Milk is ichaiii>eiii Mu \alcnic of laihon lioiu 11 lo 
M lliLK IS also a (liaii^i in Mil \altiut ol lai h ow^t ii aloni linm 1) Lo — J Flu 
hioail mil ipicialioii ol oxitlaiaiii is Mu icton a iIn mua1 11 iclion in uhiili Mu 11 
IS an nil I last in \.ilciui (oi a loss ol ilrtliuns) lo iii.iiiUain Mii ikiliual iilii 
li ilii\ ol a s>siLtn ivti\ iixirlalioii innsi 1 m ai i onipaiiu il hv ii iirluilion I Inis a 
iiiluiiion iLailion can In ikiniiil as a iiatlion in wlmli Milk is a rUiriasc m 
salt nil (oi a ^ani ol iIt iLions) H\ llitsc clLlnntiDiis Mu lollimmi; iluniical 
iLaifioiis tail ht iritiililittl as oxiilalinii Kfliulioii (ii ilox) iiai lions 

U" 4 + Si( I A 2 i\ ^ Hi" 

It + 211(1 + 11 

2( r* + 12IP + S ‘ ►SIP + 2( 1 4 S" (^) 

Ol ( I. + H.S—SlIt I 4 S 

2Ci() 4 bit lblP-^2( r'* + ble**+ HH,() (4) 

Ol 2Na.( i ()4 +hFtSC )4 4 KH^SO.-^fi (SC)^), + SI tjiSO,),-L SNa^SO^ 4 

whcK III tht chiomaU lacliial (( iO|) ( r lias a \aleiut of 4b 

111 ihc hi SI 1 rat Inin, non is oxicli/ccl and tht- hydirifren ion is rLcluterl to hvdiii- 
j<c-n ^as, in the sciond, the siilfnle loii is oxidi/ed lo lire sulliii as the chlorine is 
I educed to Ihe thloiide ion, and in the thud itatlion, lenous non is oxidi/ed lo 
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ferrir iron as rhromale radical is reduced with hexavaleni diroiniuin lo 

trivalent. Another wa> nl* showiiif; the hrsl rcariinn in its separate se^ineiits, 
called hall-rell reactions, is us tollows: 


Oxidation: 

Ke"—►Fe''* + 2e 

(5) 

Reduction: 

2e+ 2ir + 2 C 1 --*^H 2 “+ JCl 

(B) 

Redox Reaction: 

2H(:l + Fe-*FeC:i2+ ll., 

(7) 


In each of these halt-cell reuctioiis. the material lH‘il 1 ^ oxidi/ed is called a leiliii- 
in^ af^ent, and the material heiiit; rerlmecl is an o/idi/in^ af^eni. The reluiive 
reactivity ol the elements in terms ol oxiclaiion/rerluitinn lenrleiuies is illiisii.iteil 
by the Klectriimoiivc Series nl the eleineiiis. I'lii* elements ahine ludio^en m tins 
series will replace hydrogen Irom water oi Ironi arid sdIuHcjiis. Imh example, the 
series shows that sodium will leaci with wain at loom temperaiure to esoKe 
hydrogen, and this can he shown as an oxidation-i nliirlion (redox) leaiiioir 


Oxidation: 

2Na“-»2Ma^ + 2i- 

(H) 

Rcduciion; 

2t H. +20H 

(il) 

Redox reaction: 

2\a -r 211.0 — II, + 2NaOH 

(lOi 


III this reaction, the elemeru sodiuin (shown heie as Na“) as the i eihii uig agent is 
nxidi/ed to the sodium loii. Waiei, then, must he the o\idi/ing agent m this 
reaction. 

Iron, whiili is riiuth low'er than sodium on the l*.leiliomoti\e Senes, also 
reacts with water, though not so rapidh as to make the geru^ialion cd Indiogeii 
apparent. However, iion in an oxerhealeci siipeihealei luhe in a sitMin hodei will 
rcail readiK with steam to produce hydrogen in measurahle (|uariliLies. Although 
iron will not displace hydrogen tiom walei teadih at lonin lempeiatiire, it will 
ver\ actixelv pioduce hxdrogen m mineial aiiils. This is heiause the hvdtugeii 
ions are imich more available in acid than they are in watei. 

Puisuing the Klectromolive Series iiirihei, nimeial acids shoiilrl have \ei\ little 
ettect on topper, since copper is heiow hydiogen in the series. Ilowevei, hycho- 
gen gas should reduce the toppei in a loppei sullale soluiion to metallic copper. 
Because the hydrogen and topper air .so dose in the Klectiomotive Senes nl 
elements, the reaction is not reaclilv evident. However, iron and copper are lela- 
tively tar apart, and the reaction rd elemental iron with coppei sullale is easil) 
demonstrated; an iron nail in a coppei sullale solution will soon he plated wiili 
c*op|>er, even at room tem|ieraiure. 

Thest^ reactions all demonsiraie the close rcdationsliip between oxidatinii- 
ieduction reactions and the F.lectnimotive Series. 


The relative strengths ol oxidizing and reducing agents are shown in 'fahlc 
1!>. 1. As an c*xampic, this table shows that ferric iron is most readily rechired bv 
soeliuni, followrd hy aluminum ami ynw. (Umvriscly, alumiinim is 

must trarlih uxhliyt d hv tiilorirw, followed hy manganese dioxide, oxii^r/i and 
cupriL ions. ' ^ 


Siiirr t>xiclarion ani/ ;-rdur lion reaciiom involve the iransler of electrons, it 
rT/rSi •'lai oxiflaiiriii and reduction reactions fxriir in an eletirolytic 

"^S-Ihe 2biroming7«i2^^^^lo7hT«r!m* 
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Slirni^ i)vidi/iii^ agents suih as chlnfine aiirl rhloiinc dio^rlc lan he ha/aid- 
DUS i( iliev KHilad in ^anu iiialtei, suih as papei in nd, the reattiiin is last and 
Mulenl Howi'vei, in iiiaiiv aqiirriiis sidiitiinis, slilIi as a suiiaie uatei siipph 
salinated willi an, the cniueiiiraliini oi oxidi/inf^anil ieduiin^ inatiMials is so lim 
tlial iiMisl iedn\ teai tiinis aie e\lieinel> slim Ihe rates ol these ledox leactions 
ai e ill nil wav ininpaiahle in the alinnsi insiaiitaiicims reaitiiin iil and with 
allvahiiilv in w.ilei, in liini with laihnii dinxide Manv nxiiiatinn-ieduLtirin leac- 
liniis must Ik i<ilal\/ed iin example, thi lemiival iil dissiiheil ri\\f;rt*ii iioni 
watei h\ apphiatiini nl sndiuiii siillite is haielv iiieasurahle until a laLiIvsL is 
added tn the watei Siinilailv, ihe ovidatinn ol lerinus iinn In the insoluble teirii 
Londilinn is ninnialU ven slow, hut niav In tatalv/ed bv the pieseiue ol oxiiles 
nl manganese 

1*\rn thnu^h thev an slow iheie is applet table eneip available iii some nl the 
lednx leai lions that iiii ui in watei It laii be shown theinunlvnanmcallv that the 
sullate mil is slinii^ eunuch In nxidi/t nigaiiit mattei iii watei this dues nut 
on ill h> a diieit mule, but Naiuie fames nut the leailinn iiidiieiLiv tlnnugh 
niitiohes 1 his iMtins iiiidei anaLinhii londilinns iii well waleis, and Ihe lesult 
IS lilt pinduitinn nl sullirles hv anatiohit haitiiia Must nl the nxidatiini 
lediiilinn leailions ntiuinn^ in natinal watei systems aie biolii^iLallv mediated 
Heiause ihe iixiilaLinii and letluilion eipiatmiis lin the nveiall lednx leaitiniis 
involve eleiliini lianslei, and siiue Ihe \ullage Ini these hall tell leatliiiiis lan lx* 
deteimined, the pi ngiess nl a lednx leailion tan be ineasuied bv prnpei inslTii- 
iiientalinn Ihe elcitrual svstem used fni mcasuiin|; vollafre poteiilial uses two 
eleitindes, one beiiif; ol a nohle metal suih as |;nlil. and ihe nthei hem^ a 
leleienie suih as a hvdin^eii electrode ni a talnmel eleiiinde Ihe voltage 
belweeii these eJrinodes is nieasiiieil, and as the nxidation-iediutioii leaLtinii 
pirweer/s thcic is a r/iaii^e in inftj/fe hor exam/j/e, if d ihiomaiv solution is to 
fic Tt^diiivd usiiiff tvuous sulfate, the initui \ oltagv is (juilc high because nf the 
sfniiig nxic/aCioiJ pomifiay o/ c/nrinjiife, and as leiioiis sij//afe is added the 
vo/fage drops, s/iriuing an Jii/lecljon u/ien the readion n cniiiplrre Ihe progress 
ol the reactiiin is shown in figure' 19 1 
Kerlox iccrtideis an- used uidusriijJJ> in loniiiiJ i/ii- jddition nf oxidants oi 
sys^leiV**”^"* solution, or to follow the progress of the reaction in the 

Usitiif iheinii.d>iiainiL and jihysiidl iheniiiaJ data, it is poKible lu piedicl the 
u reduiibk- niaitei in waier based on ledov potential and 

Pti. !>uth a phase diaKrain is ilJustraled in figure 19 2, showing the distnbuUon 



R0lirB 19.2 J’[HirbdJx rlidf{i.itii foi It in udtii UiscrJ on iircLipil iiiori oi 
hydicixide liiinis dl 2 x 10 ^ M midl Fi (irom / f (laik I 4PPI 
Inurnal 49 10 !244 Octnhtr /96ft J 
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oriron in an at different pH values and different oxidation 

potendab. 

Tliere b another useful physical chemical notation representing the status of 
the oxidiaing nr reducing environment in an aqueous system for individual 
species that may be oxidized or reduced. This is the concept of pE. which is 
analogous to pH; like pH, it is a negative logarithm. 'I'he value ofpE is minus the 
log of the electrons exchanged in the redox reaction. Although there are no free 
electrons in the aqueous environment, a number proportional to ihc number of 
mole.s of material being oxidized or reduced can be assigned to the electron 
Liansfer. If all oxidation and rediutioii equations are written with a single elet> 
noti. an equilibrium can be established for which the consiaiu can be deter¬ 
mined. MalhemalicalJy, the relalive electron activity, pE'\ at which the ionic 
s|H?i;ies iK-iiig examined are at an activity ol unity, is shown as: 

pE“ - log K 

where K is the equilihrium constani. 

I luMi 


pK = pF/’ + log (])roflu( t/reactani) 

where pt. repi eseiUs a r oiueiuratioii ol the species at oiIilm- than unit acLiviiv. 
I'siiig lerrir iron as an example, the hair-cell leaciion is as lollows: 

Fe" '* 4 c = Fe"- 


K - 


lFt-^J|eJ 


- 3.1 


X 




l sing this daia, pK“ - 12.;i3, ilie level ortletiron aniviiy al wliiLli lenous and 
len it ions art* of e(|UHl coiuentration in an oxygen-li ee environmeiil. When this 
system is exposetl lo the eiivironmenl, the presence of oxygen causes an increase 
in pF In Mi.-If), anil ai ibis pF \akie the leirnus ion conccniralion is lecluced to 
alHwil U) of ihe loial iron ronceiilraiioi]. 

Since there is a relationship heiwcen pFl, the free energy involved in the elet- 
iroii transler, the electrode potenlial, and ilic er|iiilihnijm cmcstanl for each 
reilox real rion, it is possible to coiisiruci a phase diagram for most redox reai- 
lions in iialiiral ai|iitMiiis eminmnients showing the distrihiiiion ol species as 
esiahlished fiy pH and pK. In inosi iiafural aquatic environments, the pE ran 
range Irnm a sinmgly reducing value t»l -H (con espoiidiiig lo a voltage ol 
appi oximaielv -f)..3) to a slrongly oxiili/ing value of Mi (corres}uniciing lo a 
x oliage of'ii))pro\iiiiaieh 1.0); helow the lowei' limit water would he redut.etl to 
produce hydrogen, and above ihe upper limil waier w-ould he* oxidized to 
produce oxygen. 

It is important lo recogni/.e that alihfuigh the eiivironmeiil may he slrongly 
oxidi/ing or reducing, the voltage priieniial tor the hall-cell reaction does not 
iiilhieiue the rate ol reaction, and many such reactions in aqueous systriiis are 
very slow unless raialy/etl. 

I he KJectromcilive Series as siiiiimarized in lable If). J show's tliat a substance 
can he defined as an tixidani or a redurianl only in terms of other substances 
ill the aqiieou.s envirniinieiit. F.ven iliough oxidation and leduciion are accepted 
as relative terms, certain chemicals arc normally described as oxidi/.ing agents or 
reducing agents only il they are at the far ends of the series. 

I’lie mosi common oxidizing agents u.sed in water ircatiiicnt are air, chlorine 
and chlorine-releasing compound.s, oxygen, ozone, hydrogen peroxide, potas¬ 
sium permanganate, rliromate salts, and nitrate compounds. Following are five 
major water conditioning applications u.sing these oxidizing agents. 
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IRON REMOVAL 

Iron muv he preseiil in water (a) in colliiirlal lorni, (b) ns the lermiis iron, nr 
(c ) as a chelated cnmpmiiid. The collnidal Inrin ran be renuived hv inaf^ulatinn, 
floLTulalinn and prec'ipitatinn nr fdtraLion, and sn will iini he dealt w'ith here. 'I'he 
chelaied lorin may require oxirlalinn nl the nr^anif inaletial tnnqKKsin^ the 
rhelate so that the iron ina\ then be preripiialerl lor removal. In the feirous 
form, iron nia> he round in eeriaiii wvW w'aleTS al i oncenlrations as high as 25 
mg/1 under aiiaerohii londitions. The rediuing r niidiiioiis ihal perniil iion In 
become soluble in well water Irequentlv also produic sullides. In the ire.itnient 
of maiiv muiiiiipal watei supplies lonlaining iioii, the law waiei is often 
aerated lK.dore being iniioduietl into the elariher, and this introduction oJ an is 
uflcn adequate lor the oxidation of soluble iron to the insoluble feirii siiite. 
One reason this piocess max In.' successful is that the waiter is then held loi bO 
minutes before lM.‘ing c oileded at the overflcm weirs ioi hliralinii, .iJlow'irig time 
for the iron to iullx oxidi/e. 

Where the amount ol iron to be remoxed is relatixelx low, on llie order of 
mg/1, it max be possible to lernove this iron ilirrdlx on a Idler, hut this requires a 
more pirwerful oxrdaiit than air and the presence ol a (ai.ihst, such as iiitinga- 
nese, with an ini tease in pll to a mmimuni ol H.5. Kxen with this, the residence 
time in the hller itself rnav not he adequate foi complete oMclaiioii and non 
removal, and a cletenlinii lank mav he required loi this purpose. The oxidation 
ol iron willi chlorine and |X)lassiurii peiniaiiganaic* are shown hx the following 
tw'o reactions: 


2Ke*“ + 2he** + 2(:i (11) 

(In this reaction, O.bl nig/1 Cil-. is reqiiiied for eaih iiig/1 l*e.) 

MnO^ + + 211.0 4 50H MiiO. + :U'e(()H),, (12) 

(111 this reaction, (I.Dfi rng/l KMriOi is reijLiii'erl lor eacli mg/I I'c.) 

pH has a proiiouiued elicit on iioii removal. Ahhoiigh the oxidation |}oleniial 
of hoih Lhlorirre and pennaiiganale deiiease as the pH iruieasi’S, the late ol 
real lion increases sigiiifu anilx with increase in pH. Also, the soluhihix ol ihe 
oxidi/erl iron dei reuses as the pH increases. 

MANGANESE REMOVAL 

'rhe remoxul ol manganese from water is similar to iron ieniox.il. A xaiieix of 
oxides ol manganese is piodiiied by ihlmine .ind permanganaie oxidalinn, hiii 
these arc' ol little significance m the irealmem techiiologv. In most industrial 
water syslcnis, manganese can he more iioublesoine than iron at niiich lower 
tonccnti'alioiis, so the final filliaiion process is critical to siiccessliil removal ol 
manganese. I'he rtlectixeiiess of removal iricieases significaiiily us the pH is 
raised to alxml (kO, anrl time is even moie critiial than with non removal. 


REMOVAL OF ORGANIC MATTER 

Oxygen and air are seldom uscrl directly lor oxidaLion of orgaiiir maierial, but 
they arc of course used in biologically mediated nxirlatiori sy.slems, such as in the 
activated sludge preness. At high lemperaiiires |ahoul (15()”Ci) and above] 

and high pressures air or oxygen iiijectc'd into a reaction vessed will oxidi/e 
appreciable organic matter (the /immcrmair Process). When chlorine is used for 
oxidation, llic^ re.suli.s may lx* disap|KiiiiUiig in that chlorine forms suhstitiiLion 
products, particularly in reacting with phenols, that may he* more objectionable 
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lhaii Ihr nn^ina] nif^anii ninluiulu. Evrii wlini iiMiLiii)i 4 wiih sui li a simple 
niganir miilci iiU* as rnL'lliaiie, ilir ililiiiiiie dues imt rlrsti(3\ the inrihaiic but 
ptiidiiies iiic'l1i\l (lilniide aiiouliii^ In ihe Inlhmin^ icactinir 

CJ, 4 + MCI i\:^) 

On llu‘ nllu'i liaiirl, n/nne and perniaii};an.ile nia\ be used Ini ininjilcle 
desiiiii linn nf plu nnl and sini]>le in f;anii iiinlei nies, as slinwii In the lolluwin^ 
ei|iialions 

1 U), -h r JI.OM -b( ih ^ Mid) f I lO. (M) 

|ilii mil 

III (Ills l(■,utlllll. 7 2 llll'/l (>/IIIIL‘ IS ll'l|lllll'll loi I'HI h 1 Mir/l Jllu'lllll 

IkMiil), + UK IK)— IMiiO^ + 2K,(.l), + C ()2 + ;iM (> (11) 

(<)1 III lllll ll\ ill 

III dijs II.II linn. 17 "t iiiLi/l pet itiaiig.inale is ier|inied bit lmiIi iii^/l nl ni^.niii 
(ai bnn ( I C)( ) 

Mthnui'li lli(‘se M.utiniis lake plate, die laK is sinw anil llieielnie siilisLaniial 
i(.sideiue liini is niiikil in die le.Hlinn vessel 

rill nnl I an be n\irli/i il b\ |M‘] inaiif^an.ile, bill llii le.nlinn i ei|iiiies abnul Iwn 
liniii s .11 a ])11 111 7 Ini blKr iniiiplc'iinn, i sen wiih an ini lease in pM in 'I U), ii 
slill lakes .ibniil 'iO rniniilis Ini le.iilinii 


CYANIDE REMOVAL 

( \anide laii bi n\idi/ed In the ivaiiale lot in undei alk.iliue imidiiinns bntli b> 
i him nil and pi i niaii|L>.Liiale. aiLniilin^ lo die Inllnwin^ le.ii linns 

( \ * ( 1/ I M.O -*2Ui I C\() (lb) 

In ihis leailinii li 7*1 iii|;/l ililniini is iei|iineil Ini eaili ni)’/l (A 

:U \ 4 L^MiiO, 4 II.O-^liMnO. + U \0 -4 2011 (17) 

In diis leailinn I 1 ni^/l KMiiOi is leqiiued Ini eaih ni^l I N 

Ibilli nl these 1 eat liniis «ue i<iri led mil al a ])M ^lealei than Id Iniheraseni 
ihlniine, il is nn|)nil.ini In inaintaiii this pM In avniil Iniinalinn nl invii 
i v.inii^en ihlnjiile 

i\llhniif>h the (Van.ile is iinuli lessinxii than fsanifle, iniiijilete desltiution is 
nllen neiessaiv, ief]Uiiing liiilhei nxirlalmn nl tin ivaii.ili' vvidi Lhlniine ni 
h\])ni hini lie as shinvn in e(|ualinii (18) 

2(AO 4 MKA 4 11,0—N 2 4 I 4 2IIC.O, (18) 

(aniibineil uidi abnxe uMiiinii, (iinipleie ilesliuilinn nl ( \ in N, lequiies 
li 11 ni^/l Cl, pel iiii^/l CN 

1 he npliiiiiiiii pH Ini die seiniul sliif^i; nl tins leiiilinn is appinxiiii.iieb 8 3. 
\s in nihei nxid.ilinii le.ulinns, lime is an inipnilaiil lailni In be sliirlierl, die 
Lv.inide leai Hulls ^riiualb ui|iiiie n\ei len niiiiiites and an exiess nl iixidi/in^ 
a^cnl ill niilei In pinvide inmplele desliiiMinn 


SULFIDE REMOVAL 

In die aeiatinn nl sullide-beann^ uaieis in eliminaLe ndm. snine nl die sullide 
IS innveiled in inllimlal siillui .ucnidin^ in die Inllnwiii)* leailinn 

2 ns + Oj2.S“ + 20M (Id) 



1M n» NALCO WMar IlMttM 

Sulfides can also be oxidi/ed bv chl«>rine and pemianganaie according to ihc 
foiJowing reaLtioiis 

HS + CJ, + 11,0-an + 2ir f S»-(- OH , 2 (V„ 

S* -1 st'l." 4 -111,0— H,SO, + fiHCI CiOfc, 

I'MilO, 1(HS ) H,0-‘‘1(S») + 2MiiO, -f jOH I 2 |) 

In All 1)1 lilt dbint tx.iniplcs. il is /rii/)oil.iiil in iciogiii/c l/uf ilic uMtiAUon lus 
iniolitd willi s|)cci/ii indiMdual s;x-<k s in ilic u.ilci Simc the .n/iui).js msi, in 
coriMiiis a s-iiirts of spccus. si.iii. ..1 ulinh m.is paiinJ/i.ilt ni ihc nxidaiii.n 
u-duclion UMII 1 .. 11 S II IS iliMi llwl Ill.•lnllIl^ llu IrsI iiMdain.ii iii.ilc*.i-iJ l.n ilu 
1 rat lion, onrnnuni |.M, ii-.|uiifd liiiu- lot niniplctioii, .iiid dos,iKi- ol t x nxidi/ 
ii\€r agLMit IS iiiipi»ssiljli 111 lliL hrial llu* cxsiiiipli s abciM* siiiiplx siiggi si 

miU’iili.il oMili/inn iii.ittri.ils lli.il mii’lil In used, bciiih iisiinn is luidiil ii, 
evaliiaii- ihi-sc .nid oihcis to olii.iiii d.ii.i to dtsigii .in iIIiiIim ii i-.iiiiii in 
proc t'ss 

REDUCING AGENTS 

J lie cfjfiiiiiri iialh axaiLibli ti rl uni il* agtiils iiinsi lUinniDlilx List 1 1 in v^alt i Imil 
ment aie sulliii ilioviclr, surliuin siilfilr sincJ Ini oils suliale ui ililriiirli mill 
uriasiiiiiail use (»l /iiii Inilrosiilfiir Imii nli\illifit n>injii>iinrls. Iniliogi n siiKiili 
duel/me iliisr I 111* iiifisi luiiiinnii 11 iliulmiis ill xxatn licMtnu ill ai i tin siaMiii; 
mg ol dissoixrri oxxgni with sorliiini sulfiii. irflinturn ol iveiss ililniim with 
sochiiiii siilhte, and the leclintioii ol ihioiiiaii* to its iiixahni /oiiii Ixpiial 
icacLiims foi e.ich of rliese proicsses aic* slirnxn hi low 

().r+ 2S(;, ^ (T2) 

In tins icailion, H ini’ll Na^SO, is icf)uiii*rl lor laeli nigd O 

I L + SO, ^ f SO 4 ^ f 21l( I (LM) 

In this leaition, 1 H nig/l Nai^SO, is il*(|iiiilc] lr)i each mg/l i him me 

2\dj( rO| -I- bFcSO, + HH^SO^ 

--(n(Sf),),+ niifSO^),^ 2 \j 2S()» f SM^O (21) 

III this icaction ^4 mg/l I’(*S()| aie iequiT(*d pn mg/I (hiomati 
In tommeniaJ praitirr, the lirsi traction, cdinnnaiion of dissoKrcl owgrii 
trum wain, rrqiiiies the use of a cdialsst ioi piactical lieriinieiil in a icasoiiahlc 
rime, the redmlion of i him me need not bt* calaU/rd 

I he reduilifin ol iliiomalc is caiiied out at a pH of appirixmiatth 2 i-") 0 
using mote than twice the theoretiLal iec|UiTrmeiil ol ieducing agent lot com 
pictioii of the Teacrion in 15-20 minutes 

II IS impoildiil to lecogni/e that iheic aie usiiallv speuc^s piesent in watei in 
adduion to those i cpi esenied hv the alxne equations Pin example, ilii ornate is a 
common constituent m iridiistiial i ecu dilating icNihng waiei svsieins, where it is 
used as a coiiusmn inhihiioi In the oiganic rhcmicals mdusti), leakage of 
oigdiiiLS into the ccHiling wain oflen tesiilts in a tediiilioTi of chromale Recog- 
ni/ing how diihciill it is to reduce ihiomaie at lonieiirialiiiii levels of 10-20 



nio/l willi siroiiR reducing agriils uiuler innirollcfl cniiditioiis, il may he con- 
jei-liired ihai ihi* redurtion nriliioiiialr in a uN>lin|{ system may be a bioloKically- 
iiiecliaU-d reaction. 
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Chapter 20 

Corrosion Control 


( niiDMilii IS NlLUiil s wav til iL*unniii^ ptiHissed iiuials, suili as srci'l, u)ppei, 
.mil /nil, ro thru iiatixi* siatrs .is iliL'iniial conipoiiiuls ni iniiu lals 1 ni rxaiiiple, 
mill 111 Its iialiii.ll stall is an nxuli/ril iompDunrl (i i , Fi'iOi, FrC), It'iOi), but 
\vht*ii piiuessril iiiro iimi aiul steel it lusts iixv^en anil Ih*[ nines elenieiilal non 
(Fe") In till pi LSI IK L 111 watri and oxs^iii Nalnie i eleiillt-ssly attacks steel, 
levelling the eli ineiilal nnn (le'b hack lii an nxiile, usually siinie Luinbinalinn id 
Fi 2 l)| anil 1 ed^ 

Alilifiu^li t III 1 iisjfiii IS .1 itiiupliialerl piniess, it tan hr iiiiisL easily iiunpre- 
lieiiilecl as an elec liiiilu iniial icailiiin invciKiiii’ ihice steps as sliiiwii in 
Fi^iJi e 1 

1 I nss 111 mis lifiiii that pail id iJie mital lalleil the anniiii aiea (aiiude) In 
this case, iiini (Fe”) is Inst tn the watei sidiilion and iK'tnriies uMidi/ed in Fe^‘ inn. 

2 As a lesull cd the iiiimatinn id Fe^^, iivn eleitimis are lelcased tn finw 
tliiniigli the stetl in ihe calhiidit aiea (lathiide) 

Oxygen ( 02 ) 111 the walei soiulum innves in the Lalhnde and inmplcles 
tlie eleiliiL iircuil by iisin^ the elettinns that flnw to the lalhnde In trnin hy- 
dioxyi inns (Oil ) al the suflaie ol the melal ('himiially, the leactinns ai e as 
Inllnws 

AnodiL leactinn Fe"—>Fe*^ + 2e (1) 

(.athndii leartimi + Fl^O 4-2e —^ 2(()H ) (2) 

In the ahs(*nie nl nxv^en, hydiogen ion (M*^) pai impales in ihe 1 eat linn al ihc 
cathode instead cd oxygen, and loinpleles the eleclriial ciicuit as follows 

2 H^ + 2e H 2 T (3) 

Fvciy metal surlare is roveird with innumerable small anodes and cathodes 
shown in Figure 20.1 These sites usually develop liom (1) suilaie inegulanties 
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Corros on rote is under cathodic control 

Rgure 201 Kl o nuns luiiiii mil, «lll1lfl^ ilu (oiiusiun 
(if suti 111 tin |iiis( MIL III (l^^^( II I in |>iLS( nil <il Off 
mill c illnidt 1 III In (liiiiiinsii i(Mlh\ iln |iiiiki(»lrn ilinn 

Ilf ill III (1> i 


fioin liiiiiiiii^ L\hiirlini> rind iitiiLi niLi iKmii knii; (i|h i unuis (J) sliisscs liniii 
uddiii^ Jiiiniiii^ III oiliii wink in d) i inii|)riMliiiii il dilli 11 iii i s il tin iiii i il 

suifacL 111 till lasL nl siiil this in In c lusi d h\ dilhiinr inn i nsii lk lint s 

lif^iin JO 2 IS in i nlai ^1 iiu 111 iil i polislud s|i((iiiuii id suil shnwiiii; liiiili 
and (LinciililL is iwn disiiiuih diffiitiil i ninpimc iiis In In iss llu ililii ii in t 
niii\ hi httwLin ilii hni iivslilsnl i nppi f iiid /ini th il ni iki n|) iliis illn\ In 
ilusiiins rm oi Inlnw tin until siiilni in i\ lx tin i nisi i>l iinnli i illmdi 

fiiiiplis llu sc iiii]niiilu s inn line Im nu rl win ii lln iin l d w is iiinlu ii in In 

cause mipiiiiliis wiit pitsstrl inii ihi surini dniiii^ (In Hdlin^ fiiiisliin^ m 
sliri})!!]^ npi I lllllllS 


CORROSION RATES 

\s iinltd .d)()\c ihiec lusic slips iic iiicissin lor i ntifisinii in proi c 11' II iin 
stc p IS pi (\( iiLt d f irjin ru( 111 1111^ dn n i rni nsinii ships Mn slnui si id lln ihiii 
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Flgur* 20.2 MiiiostriJitiiii nf Inw cailxin site I at 
20 X showing l>a( kgi niiinl riiattix nl fiiiiti (iimi 
lif^ht coioied) ((nitaiiiiny^ giaiiis nf pi >111111 (daik 
cnlnicrl) lln pc'diliit innsisls of laiTulldi rif firriii 
and c« mi ntiu (Fi,( ) (a) 1 In pi ailili is sicri In lx iii 
layers iitatidb) tin ixltusirinnf thi meti1 ihrnugli 1 
dx 
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Figure 20.2 ( 6 | I ht lai^ii piaililt* plains in this 

spLiiriit II jiL i.iiiflniiilv iiiuiiiftl and iht kiniHlar (il 
(iiiiu .iinl 11 nil iiliii i.iiibi sitn 


>l( ])s r1ui‘iiiuiu'^ llir 1 air (li ilii* OM'i.ill i in tosidii piuirss 1 hr ialhnrlii leailion 
(slip M IS ihi sliivii si nl llu ihiri sli ps iiuoKliI in ihr c rn i osiini iil sIllI sii this 
iiiUUiin ilitc 1 niiiirs ihi i all li is sirm hrcausi ol llu ihHiiiills iivv^rn cn- 
(fiiiiilris in (lilliisin|r ilnuu^h \salfi C)m tailin in ini rra^iiijii iininsion, ihen, 
IS nil ] tasiiiji ^aLri u nipt i aim t, uhiili uduus iis xisinsih aiirl sprrils the dif- 
/iisirifi oi riwqeii 

\ lariir ralliinlii smfaii ana lelauvr in tin anrnht ai(a allows innii ow^lii, 
wain anil eliilinns in kmiU iiii iL asiiii’ ihi flnw nl Lhdiniis honi the aiiinlr lu 
iniinilL II innii lapnlh ( nii\rist*h. as the i.ilhnilii aica In'inines smallei irla- 
livi In lilt* annilK iiit‘a, the iniinsioii lale ileiiCMsrs 

11 hnwisri ihc annilii ai lm is iirliiiril with iin iinirspcniiliiig ihiieasc in 
lliL' lathnilH aiea, ihi same ainniml nl metal will Ik* Insl, hut hnm lewei ni 
siiiallii aiinrlii sitis 1 he iminsinii laie will not lia\e lK*eii ihangcrl hetause ihe 
cailindu suihiit at ea has nrii been lediiietl, hiii each aiindu sile will he deepei 
Mils IS a simple explanalinn liii tht i.iiise nl jnttmg atlaik nii metals Pilling is 
mine damaging than geiieial Inss mei a laige annrlii aiea het.iiise il leads to 
lapid inelal wall |M*neli atinii and Li|iJipiiu*iiL lailuiL 1 igiiie 1^0 ^ innliasis pitting 
metal loss tn geneial iiielal loss linm tnitnsioii loupinis exposed in similai held 
eiiMioiimenis in inoling s\stems 

Aiea idlins as Lhe\ alien coirosinii late pla\ a signilKam pait in the seleilion 
nl effective mhihitois to innlrnl intinsinn I he\ aie alsn a majni tnnsiiieiatinn 
in designing equipmciil In inimiiii/e loiinsion 



(o) Ibl (c) 


Figure 20.3 (n) Surfaie of ifiiinsiini inii|MUi is 
siiiDUlh and ileantd piiin in iiisLitinn in walei line 
(^;) 1 his LiMjpiiii siirlai i has lieeii imilfiTriih iiiiroded, 
with snnie aieas ot Imalized allaik (r) 1 his iiiu|Kin 
sill late has betii pilled I hi weight loss iiia> be lower 
than (bh hiii lailuiL (punnation) will ixcni cailiei 
Depth 1)1 pits nia> be measured h\ miiiostope in b\ a 
miiiomeiei piolx 
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Figure 20.4 (rO I'ol.iii/.IIIUII nl ihi lalliOflu .111.1 illnwti |)ll x iliii 
b\ II nifiltf nil s I hi^si iii.ix )m iIl piiUiiyi il lj\ ii uiiiiii xxiili <) 

(h) Piil.ii 1 /itiiiii 1)1 ilu CiIiIiimU lix an .ilkfiliiif liliii hi^lilx iniKinn iiitl 
in OH mns Ihisi mix hi rli pul.ii ■/< il h\ iliriiiii.il it it linn uiili 
lilt lal catinns lausinii pi 11 ipiiiiiinii hx Invx pH ni hx I)Il>Ii xilntiix 
ivatii SIX 11 pill ir lilt, siiilaii 

POLARIZATION-DEPOLARIZATION 

4 s niilcfi eai lin livdniwl inns (Oil ), Incli n^i ii i^iis (M ) ni linili riii piniluiiil 
al llie tiilhoclL' as a rt'Mill nl ilu iniinsifin ii.iitinii li lliisi (liiiniial ii.ulion 
pinrliiiis lemaiii al ihe (afhnrlr ihen pindiut a baiiiLi (Iil^iim lid 1) llial slnxxs 
the nio\ciilciil nf r)\>^ui ^as nr Indio^tii ions in ihi i.illindt I Ins h.iiiiti lu 
I nines a LOU nsinn inlnbilni biiaiis( ilinsiil.ili.sni plixsiialb si p.iialt s n>wxn in 
the warn anrl the elt c iiniis ai ihi iiulal suil.uc I lie Ini iiiatinii nl this phxsiial 
baiiici as a icsull nf tniinsinii isialltd pnlaii/iilinn Ilu itininal ni ilisiuptinn 
nf this ban III expose siht (athork, aiul iniinsinn iisuincs 1 hi^ aiiinn, lallnl 
depulaii/alinii ni liiiiiiti iiinnxal. is inhaiued In si \iial lailnis 

1 I nwriin^ ilu pH nl ilu w.iiei Ibis iiuiiasis ilu i niu i nii alinn nl ilu 
hsdio^en inns leaning with ilu Indtnwl inns in fni iii xxaiei llieii b\ eliiiiiii.ilini; 
the llvdlnx^l baiiiei 

2 liuuMsinjir ilu waUi xelniiis iniii llu' liirbulLiii ilnw iii>inn IliiiIs m 
sweep a\\a\ livdinxsl inns and h>din^tii linin ilu suilaii nl ilu talhndc, 
iheieln depnlan/iiifir n 

GALVANIC CORROSION 

4 sperial Intni of tin ^eneial iniinsinn reaction is ^aKaiiic cniinsinn I liis iila 
tjveh rnmninn loini nl Lonnsinn lesults when (wn dissinnlai inei.ds ait inn 
run led and exposed In a walei envitniiiiietil one mel.d bit onus Lallindii and 
the othn anodic, seiting up .i gabanii cell 1 ni example, when c iippc i .iiid si eel 
arc cnnnectid iii waUi, sliel be comes ihe anode It is said 'n be anodic in llir 
copper which is ihe lalhode Ihe tiieial loss fHCiiis at the annrle, so the sletl 
cm lodes 1 he same prineiplcs ni Lallinde-aiinde sin lace aiea lalins that appiv m 
the i^eTieial iniiosiim leaitinii appiv In the galvanic lell lai(i;ei cathock—hu;hei 
lorrosinn talc, smaWei lathoelc—Inwei eonosion lati, lai^e anode — ^eiu*ia\ctn 
insinn metal loss, small amide—piUmj^tspe attack Ihe ^a\\.imi loiipk Loirn 
sinn rate is inflnence^d by ihe ivpes nf iiictals lhal aie innnecled lable ^0 1 hsis 
a senes nf rnmnion metals and alinvs frei^ueiitlv eiuniinteied m walei s>stLms 
I his IS quite similai tn the eleelininntive senes of elemenls The innnetiinn nf 
two nf thi'se nictals iii a water einirnnrnent (a |*ahamc tnupie) c cm odes the 
mnie anndie hnr metals close- In niiL annlliei in this senes, the Liiiinsinn rate 
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CalhfMlic 


IS Irss ihan fur ini l.ils uidrK sr|j.ii.iUMl In a ^.ihaim tlitn. cDiiusifin 

tall IS cItpiiiildiL iipuii 

I Wlial iiu lals arc iihiiuhIcmI 

12 Rclalivt aniulii lo cathudii sin fait aiiMs 

tiff 1 shusss rxlienuds sesi’ii pilling and niflal \saU failmt I Ins 
icsiiIumI piiiuipalK liiitii |>ahanu .itlack I he iilira-piiic ahmiinuin ud)r cx- 
peiuncecl |3(*riiidii cupper platiiij^ fiuiii iiaic iunieiilialinns ul cupper in the 
ciiiiilatiii^ watei uhiili sel up the sesiie irahanii attack In this case, luu flow 
VLluiitirs and iriui^anic and inicirjhial ilepnsils actentiiaied the |iiuhleni 

CONCENTRATION CELL CORROSION 

lust as the dissiniilar riieLils noted above ^eiiLiate a gahaiiii cm rent wilh a 
fixed (iiiiLentiation ul \/vatei. a fralvanic luiieiil lan also be set up is hen a single 
metal is exposed to ditfeienl coiuentiations (lunii stieiigths) ol watei soluttuiis. 
The attack that olluis at the anode as a tesull uJ this meihanism. called ron- 
leniiatiun cell lorrosinn, lakers place in the iiiore luiic eriliated solution Con- 





RgurB 20.5 Scmml loitrisinn of aliiiiiiiiiiiii pi|jinfr (.instil 
b\ ihr piisriut* (j 1 KippLi ions in lh( u.iiti in ihi f>ipini> 

S\S(1I1I 


itiittaium cells aie ihi iisuiil cjusl* dI llu iinublc snnu loctil eidi ni plltll1^ is pi 
ui mt'liil Jnss 

(iOnt eiiiicilKiii cell cniiosiofi iiiav scmicK shoiUii l ipiipiiu iil lili, c ipii|iiiiLiil 
clrsi^iieil fill veais ol smut mas lail iii (lass (<ciuiiil]s, lliis ispt ol (oikiskmi 
(M- iiiis al aiis siu s\lirii (h'posils. piuii LL|iJipiiinil design, in hoili allows a 
JiKalizerl coiiLCiiiialKin nl a speiilit subslante—siiili as \.i( I oi —in bt nn- 

tabls (Jilh'irni lioni ilit ainniiiit fniiiid in ilit bulk of llu sv.iut eiisiioniiunl 
\ Ispital scfqiitMiii fill llu cU'|UJsit iidaUd cnnceiiliatioii till lailuii shown in 
FifTuii ^0 fi is as lollnus \ rk'pnsii loiins on a iiutal suifaii in a (ooJin/4 waUt 
sssiciii In a shorI liiiu', llu* n\sfren uniiri lluMleposit is innsunu d bs llu nnimal 
(fuinsioii iiattinn \s llu o\s|;in 1 oiut nliaiioii buiiiath llu di'pnsii brioiiu's 
less than lliai in tlu bulk walei siii 1 oLiiidiii|* llu rltposil iH'iausi liesli (). is bind 
eied tiniii iiii^ialmi; lhi(iU|jli llie rlepnsil, llu aiia uiidei ilie diposil bt-uinus 
anodic Ui llie suiiouiidin^ atea Ibis iiniipu c 0111 eiili.itinn llII inc c li.niisin is 
called ail nxv^en ddleienlial cell llu innosinn llial In ^aii as noiiiial iniiosioii 
has now 1 handed in a (IiHl'i tnlial tell iniiosinn ineLlianisin 

1 he laie nl llir difhieniial tell leaclion is }iinpoiiional in llu* rlilleieiuc 111 
tunc cull atinii belsveiti ihc nxs^en iiiidf 1 iIumIc posit and ilial liuiiid in llu wain 
ainuiid ihe clepiisii In most lascs. 1 ontiiilialinn ttdl loiinsioii will piinetd 
much lasU*i than llu slaiidaid (oiiosinn iiunlianism lhal ori^iiialls oiiutieil 
iK'tiealh the rlepnsil and will lesiill 111 ii piUini^-l>pc nieial loss 

An (>xsf;en dideieniial cell is laiels llu snlt. cause ol nit lal loss uiidin .1 rie 
[N)Sil ( (lexisiiiifT wilh iiinsi oxs^tn diiteieiilial cells aie ihe coiiespoiiiliii^ 
iblniide and sullate comenlialion cells these inexisi because ihlniide anil 
siillaie inns penelialc ihe deposit 01 iiesiie and conccnlTaie llu tli finsil bc> 
liases like a semipeimeable menibiaiie (a Donnan inenibiaiie). as llie non ions 
lease ihe aiindii sin fac e, the ( 1 + S()| anions rlillusc thioii^h ihe de¬ 
posit to mairilaiii neutialjts, lesulling 111 a buildup nl eleciinbu iiiiilei llu ch*- 
|M)sii this futihei aiceleiales ihe tnilnsion ahead) taking pl.iie due in llie nxv- 
fren diileiential cell 

Anaerobii 11111 inbi*s which can 1 educe sullate to sulfides undei a depiisn, 
create a ven a^giessise condition In liiithei acLeiituale the nielal loss 

In suinniai), deposits can lead In df^giavateil pitting atlac k initialed as normal 
conosiun, bui tompounded by various tontentialion cell coirosion ineLliamsms, 
which Hid) include microbial involvcnicnl Because these corn entiauon cells and 
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llirii Loiifisirtii piocluLis ate- shirliled depusiis, iinl even the inctsl eHedive 
inliibilois tail ^ei lliion^h to pici}K-ih pioleit the nieial suifaic I Ins eiiiplia- 
si/es the nnpottarue ni inaiiilainiii|T watei s\sieiiis iite of deposits 

(')iliii niipr)itaiit fatlois uIikIi inlliieiiie loiiosioi. iiidiide the i [niieiitialion 
of dissolved solids in watei dissolved ^asis, and UinpLiatuit 

DISSOLVED SOLIDS 

I In iidluLiUL id dissolvirl solids on iiniosivilv is veiv loinpltx \ol onlv is ihe 
(oni [ nit.itiiiii iinpintaiii hul also the spiiiis ol ions involve il I oi i \anip1e, 
soini rhssolved solids (sill h as laihon.iU anil hiiaihon.ili) iritiv iidiUL loiiosion, 
wliilt mill IS (sinh .IS lIiIoiiiU and siiliali) inav iniitasi it hv inlei leiini; with 
ihc piDiiilivi film li^nie 2(1 7 shows th.ii Loiiosiviiv rioi s noi iniiiasL at a 
liniai i.ilL with iiuiiasnn; loial dissidvid solids loiic i iiliations In laii, ovti 
’idIU) 111^^1 fi linlliii inniasi in ihssolvi rl snliils shows |ito^il ssivcIv It ss inllii- 
i 111 i on foiiosiDii laii of mild stei 1 


Cl No* 02 p, 



(a) Debris seltlps on metal surface 



Cathodic reaction 
02 •■2H20 + 4e - -►AOH' 


2e 2b 2e 

(b) Oxygen can reach metal only at open surface 


CO 

Anode s —u 


Na* 



Cathodic reaction 
cDntinups 

02 + 2H20 + 4e-^40H 


(c) Oxygen continues to depolarize the cathodic area while chloride 
diffuses into the porous deposit 

Fe(OH)’ No* No* u 

deposits^ 02*2Hg0 + 4 b—► 40 H“ 

(d) The iron within the deposit remains soluble os Fe*^ in the absence 
of Oz. and corrosion increases os ionic strength inthe deposit 
increases 

Flgurt 20.6 Suiiessivc sic-ps m ilit Immatinn id an i>xv|>en ii)iuiMiii.iiii)ii lell 
as a Lonsci|iiL’iiu' id dipnsil mi a slei-1 sin hit l in [ixvRcn.ited waLtfr 
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FlourtI 20.7 (.fiiiiisiun rjt Miilil stiilin MMiiuitiiilt il 
and diluted si a \%aui Kaus deiti mined h\ iDiipmi 
lesLin^; in filming aciaud uaiti .il fO ( «iiiil pll 7 
f\f Mniduk, Infynh fommuniffitiiiH, Mrirrh 29 I 97 h i 


DISSOLVED GASES 

(.(Jj and Oj aiL* the niajnT ftases of iniiiein in ninsl iiirliisrii.il s\ sit ins Iihums 
irig Ihe liL'C’ C Oj ifiiiiL'nl iii i\airi reduces pM and ti nrls in (k|ir>ltiii/r ihe t.t 
thndic suilace aie.i In a iclalncU iirilniUciid i nndeiisali, iliis tinild pindiiri .i 
loK pll and collusive water In a biilteierj ualci, surh as a rtpiial cnoliiig isaler 
system. I hr impaLi nl the iiu leased ( ()j would he* less 

As explained eatliei, rixygc'ii produces calhodii depulaii/atioii hv reinoving 
the h>dnigeii pioriuced at the cathode 

Hydrogen sulfide .tiid amiiioiiia ait less lii'(|Lieiiih eiunuiileied than owgen 
and (Xli, hut l)oth exeit a slicing iiillticiire on the lonosioii ol non and loppei 
alloys Hvdrogen sidhde is almost always loni/ed as bisulfide and sulfide ions, 
which tend lo depolan/e the anodic aiea Ammonia inrreases the (onosioii lalt 
of coppei and copper alloys h> comph-xriig the (o|ipei in ihe notmallv pioii*!- 
tive coppei inode or copper tarlmiiale surlate hlms 

TEMPERATURE 

As a general iiilc, each 1 VF increase m terripeialure doubles the rale ol 

chemical reartions Ihereroic, temperatuie increases the speed nf lonosion 
because the cathodic reaction proceeds faster, although nrit at a rate predicted 
by the above rule of thumb 1 his is because the oxygen diffusion rale is also in¬ 
volved m the process Figure 20 8 repiesmls some ol the denial me least's in 
corrosion rate related to lempeiature. 
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FIgurB 20.8 Hi^li iL'inperaiiiir 
Inmisis iriTifisiiin rxiLpl whn 
IS lict^ 111 rsiapL (Ftnm 
"LrinusifiM RejmlJ" Puw^i, Ihftm- 
ber 7^56 ) 


015 

010 


Closed syslem 

louygen free Id escape) 


005 

66 104 140 176 212 

Tempernfure'F 


STRESS CORROSION CRACKING 

Metal iiiidei tensile sliess in a initnsive emiiniiiiierit rn.i\ ciatk, a type 

(tilled sliess i dii osion (racking (higiiie 20 0 ) I he iiielal stress mas be 
applied b\ aiiv kind ol exieiiial fnrte nhuli (iiiises slielLliin^ (ii bending, il ma\ 
alsii be due In iiileriial sii esses Irii ked iiitu the metal during fabiii aliun b\ icdling, 
ib.ivsing, shaping ni ueldiiig the nielal 1 he coirnsne eimionment and ihe 
sliess need mil he id any spi i ifn iiiinimum value toi sttess (luinsiDti ii at king 
In take place, ihe cninbined elleel id die sliess and [niinsuiii causes ci at king 
eilhei with a high sliess in a mild luiinsive envnunmciil m with a mild stress in 
a liighb (uiirisivc eiiMKinmenl \i iiifidciate sliess and uith a niilrl enviininnent, 
iheie mav he iin laihiie 



Figure 20.9 Sliess lortfisuin (lacking id Inw-iaiImn sirel In tins case, die 
specimen exaiiiiiunl was taken linin an eriihtiillemeiil deieitui and illusliales 
Laiistii embiiitleinc'ni (500x) 
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II the ti>mbined elJcris ate sufiuienl, {ri-neialU holli inier^Tanulai and ti.ins- 
gianiilai iiaiks [ievelt)p at light aiiglrs li) tht* applied lour Highl\ irinnsne 
wateis lend In eiuinnage laiidciniU nueiiled naiking 

II the stresses aie methanitalh applied, this attack iiia\ he leliesed h\ iemn\- 
iiig the applied stiess Wheie the sliess is intenial leliel is mine dilliLiiU, stnie 
theie IS 111 ) piaitiial i\a\ In liuate and measiiie mteinal sli esses in e(|mpiiieiit at 
a pLint site A icliahU means of lediiiiiig sliess itiinisinii is to elmiiiialL the 
connsise eiiMiniinienl oi isolate the metal liom watei. such .is b\ iniploMiig 
(.oatiiigs \ppluarion iil a tniiosioii mlnhitm nun also lulp lediiii this ivpi ol 
attack, hut this appioadi is genet alls mipiaitii.il heiaiisi nl llu mi\ high lex el 
ol inhihitOTS i(.i|iiiterl in illeilivrlx loiitiol tin loiiosion i.ili 

lo a laige exleiii. ])ioih'i design and good lain ii.iiioii pi oil dm ls iniisl In 
lelied on in piodiiit eqiii}mieiii (npiiig oi sIiluuiils Iill id inUinal snessts 
tin example, heal tiealnunt allti fahiuatinii (siiiss iiliil aniualmg) allows tin 
tivsialline slriiiliiiL oi tin miial lo hit ilsell nl inteiiial siitssis Ixiii laigi 
piotcss xessels an sliess leliel annealed to giiaid against sIilss lonnsion 
11 atkiiig 


CAUSTIC EMBRITTLEMENT 

( aiislii emhiittleiiu 111 is a special Ixpi ot stiiss iniinsioii iiaiking lli.ii snmi 
limes oiciiis ill hoileis \i one lime ihis was a lommnii lanst nl hnilii lailiiit 
hut nnpi ox t d lahination piai lit es and hc*iii i xvalii lie.ilmeiii liaxc inadi il tail 
Ihiee (oiiLiiticnt (oiiditions win loimd in laiisi laiislu t mhiilliuiiMii 

1 \ iiiethamsni hv wlnili lioilet ualii loiilil lominliali lo pioduii high 

toiiieiilialmtis oi sodium listlioxide 

\t the point ol ioiuenii ation, the hnili i im tal must Ih undi i high 
sritss such as whiic tin hoilei tubes aic inllid into llie ilium 

llu hoilet waiei musl lontain silii.i, wlmh diitrls tin aiiatk In gi.iiii 
iKnindaiiis, kailing lo init lu xstalliiic ati.uk .iiirl it imisi \k nl .in iinhnillmg 
nature \n emhiiltlemi nl ditcitoi can hi iisid lo iliieimiiu if llu iMiilei w.iiii 
is einhi ittlmg in chaiailei 


CHLORIDE INDUCED STRESS 
CORROSION CRACKING 

A speiifii tspe oi sliess loiiosioii ciaikmg is mdiueil hx a ililonde loiiceiilia- 
Lioii tell, loinmon with, hiil not limiterl lo. stainless sieels (ligiiii 20 1(0 lo 
occur. It letpiiies a ililonde ionieiilialion anil tensile stiess lociiseil Ingctliei to 
cause holli intrigi aiiulai and liansgi anulai hiaiiih lv|)e irai king 1 Ins pioiliitrs 
weakening of the metal and eveiiitial lailiiie When this ivpe ol lailiiie was lust 
c\|KMienced, it was thought that chloiide iomeniialioiis as low as "lO-lOO ing/1 
wxTe tesponsihle Bui expeiieiue miliiaies that the imuentiatioii oi thloiide in 
the w ace I contacting the stainless steel is not the iiilual iaitoi f he main Jailoi is 
ihe existence ol loiiilitioiis that allow chloride tonicnliation icdls lo develop 
In the absence ol concentration cells oi stiess, ihloiide levels iii excess of 
1000 mg/I have not causc‘d stainless steel to ciaik In fact, some desaliiiaiioii 
plants, wheic chloride tonieiiti.itioris exieed ‘lO.OOO mg/1 have not expeiienied 
failures, when propeily annealed stainless steel constiunion was used, and the 
system kept free of deposits riie kt'y to pieventirig sliess lonnsion ciaiking is 
eliminating deposits and designing and fabricaling srtess-relievc*d eqiiipnient 
that does not allow ione eriiiation tells to tMcui 



Figure 20.10 ( hlmult siicss intirision i»l i\|)i Uh sIciiiiIlss sled, 

sllllUlllLi llll ll lll.llllhlllfr nl ilu u.4ik ) 


CORROSION FATIGUE CRACKING 

As iliL nanir imiihcs, iDiiiisinn fali^iir iKukiii^ is a icsult ol a Lnnibinatioii i>t 
hiiili a umosisr t‘ii\iroiiiiieiii and leptMUcl wuikin^ nf a int'lal (Fi^iirt* 20 11) 

1 lu' Jari^iie IS uii )i> the louliiu*, i\clit a|)|)lii 11111111 iil siicss 

1 his at 111)11 ()L(lining ii*pcatc(ll> in a lonosnc eiuii diihil'Iii L*\i'iituall\ causes 
llie nu'lal it) iiatk Siiih lailiiie tan niiui with am kiiitl dI lduusim* eiiviitiii- 
nieiii and am l\pe dI iiielal 

I he fatigue iiaiks aie ni)iniall\ at iikIiL angles in ihe applied sIilss and ihe 
Tale of pi iipa^aiion is dcpentleiil on ihe iiii 1 osivils ol ihc walei, die device nf 
si I ess, and ihe iiiinihei of isiles diat diciii osei a i^iven time 

In iiuniiiii/e 01 piesenl this l\])e of altaik, il is neiessais lo lot ate the soiiiie 
1)1 stiess and teduce ihe esche lic'qiieiifs 01 niagiiiUiilL Inhihitnis aie helpful 111 
icMluf in^r the iniiosiMts al die mt'lal-watei inteiface, iheiebs miniiTii/inii one of 
die two loues dial niusi be present fin this trans^iaiudai, D-noiihed i>pe of 
laihiie It) piopagate 

(aninsion lalifrue tlacking is iiiiiie lommiin than stress cm 1 osinii Liatking 

TUBERCULATION 

lulieiculation is die lesuli ol a series of ciicu 111 stances that cause various cor- 
losion piiKesses to pioduic a uiiiipie nodule on si eel sin laces Figure 20 12 
shows a I loss section ol a typical lubcicle, ivilh the nia]oiits of the mound com¬ 
posed of layers of various lot ins of iron oxide and loiiosion prinfucts in laminar 
ioiin. Iniiiallv, metal 10 ns are piorluced ai an anodic site A high pH, caused by 





Figure 2011 ( tHiosuiii I iiil^iu 11 uks m lim i ulion sit d IIIiitii slii|nil 

ti II ks in i\|m il III ihis kiiirl til 1 iiliin ( I >0 ) 


huhiiv>loi I nlxHi 111 inns t iiirun ii*cs iinii rri n ili prisil ifl| ii i ill in llii innilii 
,iu 1 Ihis iiKf h iiiisiii iniiriiuiis iiiilil llu nii^iiiil iiinilii lit i is pilli il lioiii 
iiKiiil loss and llu pii is lillid wiili pniniis iinn ininpniiiids loiiiiin^ i niiiunil 
sintt llu h\|)iiiiliu Is in ninn \nliiiiiiiiniis ih in tin nti^iiiil iiii I il Williin llu 
liilHnli llu i(|Uilu i nvii uiiiiiLiit is hi^h in Llilniuhs nul sulliiis iiul Inu in 
passudliii}'nw^i 11 \s i nsiili InhIi ii ilillc 11 iiii il 11 Us iiid iniuiiili ilinii 

ilIIs 1(11 111 \d\ nil(fl liihci(Ir s 111 n iniii iiii snifidt s ni iiids 

I Ills r\pL nf iniicisiuii IS uiniiiiiiii in s\ slims iinl funpiiU In ili (I fli^nn 
20 1 )) liihiiihs IIIv iiiiic tsi llu iisisiinii in u ilii llnw mil n slur I r itt\ 
in^ripaciti Iji^c liihi ir h s in i> hn ik Innsi ju i indii j 11\ md Ih i niiu lnrl|[>t d in 
(iilital pissdf'iuass suih as lull (xilim^ir v\ lU i hnxis in lii|rli pussiiii 
drsfalin^ spi i\s in i hnl inllin^ piiMiss 


BuU HQtrr containing Oj 



Rgure 2012 Mndil nl i rnnosimi lulKiilr shnwlrl^ llu 
fnimsol iionnxiili Idiinil ii v ii unis 1 lytis is inliiuiu i iJ liv 
iixirlalinn nrluilioii pdUiiliil 
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Figure 20.13 IuIki Lulaiiun i»l a small rli.inii it r pipL 
L|iiiikl\ hloiks uaiti Hou aiifl Itarls ii> pi i li»iaiiiMi ul the 
iiiiial wall 


IMPINGEMENT ATTACK 

Inipin^mu'iil all.iik is antillKM \y\n* of srUiiivt Li>r insiiiii iri\i)l\ing lx>tli ph\SHa1 
tiiiil (lirinu ill (Diiilitiims, whuli pt oilui e a i all ol iiieial loss and pi iieii alum 
111 .1 liiiali/eil aiiM It iiiims whiMi a phvsiial finiu is applied in the metal siiitacc 
In siispiiuiicl solids, gas hiiblili's, oi iIil liipiid itself \siih sulliuenl lone lo ueat 
awa\ till iialiiial oi applied |i.issi\alion lilm of the metal this pioiess oiiuis 
lept.iledlv and laili iKiiineiite irsiilts in the lemrnal of suiiessne metal oxida 
non lavtis 

1 hi miisi easih idinlilied i harai leiistu nl imjmigenum attack is ihe ‘hoist 
shoe walking iipslieam (ligiiie 2(1 14) This pattern gtneialh icsults when 
deposits on ilieitulal smfate ilealean edch around an ohsiiULiion and debrisoi 
bubbles strike the melal aroiiiid llu deposit A geneial metal loss or wall llimiiing 
indiiales abrasive altaik from suspended solids 

C avitalion is a sfXM lal lonn ol impiiigenunl aliaik most often foLinil in pump 
nnpelleis I his attack results liom the lollapst of an oi v.ipoi bubbles on iht 
metal sui late with suflicient force to piodiice iiipid. local metal loss (higuie 
20 I 5) 

DEZINCIFICATION 

nc/iiuiliLalion IS a l>pe of coiiosion usuallv limited to biass It lakes two foiiris, 
general and plug type, but the mechanism is Ix'heved lo be the same Pot ex¬ 
ample, de/incdiiaiion on ins when /ini and inppei ate solubili/ed at the licpiul- 
inetal inieriaie, writh the /me being earned off in the li(|iiid medium while the 
toppei replales Ihe icpiaied loppc'i is soli and lacks the mcchaiiiial stiengih 
of the oiiginal metal The ledeposilion accounts foi the topper lolor thaiat- 
teiisiir ol de/iiuifiialion (figure 20 lb) 

Cieiicral de/iniifiiation occurs wiheicsi’i a large sin lace ol the metal is alTerted, 
while plug type is highly liHali/ed 




Figure 20 14 t irisioii ((iricmion <ii inipi i|ri.iiiLiii iiiaik r)l bi iss Soil iiii i lU mil l)ln^s 
au iilailv siis((|iiibli m llus t\|u nl imTiisinii iirikiiiiil b\ sill i>i l, is hiihbU s 

(IJx) 

CORROSION INHIBITION 

In wait I ilisii il)ulir)ii svsitins iclaticl ^alLi lJsln^ Lijuipnuiil anil limit i ami 
LonckiisatL svsunis cmnpkti ccnicisiuii piriucunn oi nitial ami alinvs in i\ lit 
impiattiial I In gual is hi iniilinl innrisKin Ui tnlciabk kxtis l»\ t>iMiil ilisi^ii 
selcrlifiri of piopci inaUiials oJ toiisiimiioii ami iffictiM v\tilLi litalmcni 
1 1 vt-ls of con nsiiin nia\ bi t\pu sst cl as nii lal loss iii inils/\t ai (mp\) alllllbtln^ 
0 001 in (0 0025 i in) (1 mp> -- 0 025 inniAt ) In \ Lookup s\su ni an au cptabh 
loss may be as tnmh as 10-15 nips (025 0 M inin/M) in a siipt icntiial boik i 
iL mas Ik /tio 

MATERIALS OF CONSTRUCTION 

VVhcic pi actual and iconoiiiKal usi ol conosion iisislant malt iials sin h as top 
per, siaiiiless sLllI trjpper niiktl alkns ciiiiirtu ami plasm may oflii advan 
lages over catlHin steil IIowlvli wfun laking ibis appioaih il is impoiiaiiL to 
thuroughly undeistanrl the lotal sysuin I oi exanipk, subsliUilmg Aflnnialt> lot 
mild steel in a heal txchangei in a s\stein expost^d to ammonia xsoiild be a mis 
Lake Substituting a pure aluminum cxthaiiger fm aluinimnii alloy may tediicc 
priMtss side lorrosion at tht expense oi aiLLleiatiiig wateisnle lonosion 
Cvalvamc touples from mixtures of alloys should be avoided 
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COATINGS AND LININGS 

Anoilu'r praUical wd\ to pii^vcnl cnntision is to separate a metal liom the uatei 
with ci>atmgs oi linings ll is i ominon In coat seleiled paits nl some s>stems tin 
example, walci boxes and tube sheets in man) utilities aie inaleil tii iniiiiini/e 
galvanic cniinsinii iK'tweeii these mild steel inmpniieiils and the Admnallv tube's 
generalK eniploved in the suilate inndensci (aiatings and linets iil vannus 
types ate also used to piesent walci line cnrrnsiim in leed tanks and cmeigeius 
holding tanks A special plasm slee\e is used in some utilities and industiial 
plants to pi event impingenieiit attack at the eiiiiance nl loiidensei tubes But as 
a gencial piailne, most industTial ssslnns ait^ so vvidespiead and inniplex that 
Lompletelv mating all piping imuld be inn expensive, and i nalnigs arc thei elnie 
usuall) limited to the examples gi\eii above 

INSULATION 

As noted eailiei, the joining of dissimilai metals can li'ad to gaUamt iniinsmn 
11 this laniiot Ik' roneitcd b\ a substitutinii ni iiialeriaJs nl c niisii in linn, aiid it 
IS essential to use these dissiinilai metals in lhc‘ svsieiii, ihev inav be insulaieil 
from one aiiothei 1 his can be aiLiiinphslic'd b\ inseitnig iiniuniuiuiLi\i ina 
tenals, such as plasm pipe, hem ecu them (figiite 2i) 17) VVheii tins is dom. it 
mav he necessary to put an eleitiiial lalile as a jumper airuinil the isr>lateil iimi, 
because the svsiem iiia\ be used as an rlectiiial giouiid 

APPLIED CHEMICAL INHIBITORS 

In spile of the lad that inaiiN options exist to mmimi/i loiiosinn bv imjjioved 
design ot Ik'IIc i miistimmin nuihods, hetausc ol eioiiomics, tin inajinilv oJ 
systems aie designed and fahiuatt'd in such a wav ihai .i c hemical mhihitrn jno 
gram is needed lo loniiiil mnosinn 1 his applit's lo all tvpes iil walei svslims 
putahle watei ihstiihulion sssieiiis. ccNiliiig walei s\stems, Iniilei wain ssstems, 
piocess walfi, .iiid eHhient lieatmtMit plants 

In the lollowing disiussion, bc'iause the giealesi use of loiiosion inhihitois is 
m cooling walei svstems, these will seive as the basis lot c'xanijiles ol leihiiii|iies 
of lonosinn priilectmn I he leclimcjnes ol ionlTolling lonosion m othei iiivi- 
lormients, suih as sleain/iondensate svstems oi watei distiihution heacleis, aie 
ciiieicxl elsewhere in this text 

CORROSION INHIBITORS 

4s noted eailici, all the elements oi a iiiTiosion ciriiiil must be [onijileled foi 
mrinsion lo picHced 1 his involves, among iilhet things, an anodic and laihodic 



Plgura 20.17 A melhcHl nl insiilatiiig aluminiim eqiii|jnii*iii Iriim 
slpcl piping til prc'vcnt galvariii attaik 
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reaction IherrtoTt\ any clieiniial applied Iti the walei to stop the anoclu reac¬ 
tion will stop iiiTrosimi, as a corollary, any itiaU^nal added to fediire the late- 
deleimiiiiiii; larhodic icaiunn wdl reriiiie coitosion 

An elieclive loirosion coiiliol piogiaiii iisualh depends on specihi mhibitois 
lo slop the anodii leaclion, shm ihc^ lalhoclic leaclion, oi holh Ivpiial inhibilois 
in list* aie shnun b> labh' 20 2 

TABLE 20.2 Typical CorrealDn InhlUtora 

Piiiiii|iall\ laduiclu Biiih aniKlii and Lddiudii 

( hiDitiaU C all Him laihiinatL Di^aniL liliniii^ aiiiiiif s 

i )illinpliiisj}|iaU I'lih |ilins|ili()iiali 

Nitiiit /nil 

SjliLali 


OI till aniidii inlnhilois ilii iiiiiate, ihc iiiosi uideh used, is a \er\ stiong 
inliihiloi While in.iin iinniiiini coiiosioii inhihilurs loim a haiiief la\ei on the 
nil lal siiiJ.Lii ihioniiilL leaits with ihe nutal, loiming a i oiiipai ativch hard him 
ol iirluied ihioinale (( i lOj and alpha non Ihc him foiined in this niannei 
IS tighih adluient anrl long lasting Oithophosphaie. also an anodii mhibiloi, 
loi Ills an II on |)liospliau him. Iiut lliis is not as tightl\ adhn cmiI oi as long lasling 
as ihioiiiale \l\ eitlieless, when piopeiU isialdished and maintained, oitho- 
|jhiisphalL can be an iHetlne toiiosion mliibiloi Oidinaiih, mlnte, oilho- 
phnsphaiL .ind siliiaic leceiM less ionsideiaiion than ihiomaie m open ii'- 
inculatiiig fooling s\sums because ol costs and U^chmial hmilatioiis, including 
poliniial lot diposits tliUiihium phosphate), milriLni elhcl on miciobcs, and 
hinilLd elleilneiu'ss, pailiiuhiiK line ol the silualt spiMus In addition, ihesi 
mhibiiois leeiiini iIoscm lonlinl than ihioinates 

\mMhf iiilnbilois iaii\ a iisk if applied m iiisuHii leiit i|iianlili(^s, the\ do not 
piopeiU |).issnate all anoilie sites I ndci these ineiiinslaiues. the lew lemaiii- 
iiig aiioilie Silt'S bee omc llu loeal point ol all the eletlion Ilow to the latlioelit 
iiaetioti aiLii, and ileep pitting laii it suit Iheicluit it is mipoitaiit to inain- 
tam suflicKiii i|iiaiitiiies ol aiiodit mlnbiioi in the sAsiem ai .til limes 

( athodic inhibitoi s gi nei alb le'diiii the e in i osion i ate In foi mmg a bat iic i of 
him .It iliL lathodc, iLstiiiimg tiu Indiogcn ion oi oMgm imgralion in the 
<tilhodii sill hue lo lompltte Ihe lonosion leactioii Sinct ihe tneiall late is 
undei calhochc coiitiol, tin loiieisioii lalc is ledncLcl piopoiiiniiallv to the le- 
ihiiiion ol cathodii sin late .ii ea 

( alhodit species—/mi, polvphosphate and laliinin i ai boiialc'-- .ne all lon- 
sideied sale lompaied lo tin iisks oi anodii inhibitnis 


ANODIC/CATHODIC INHIBITOR MIXTURES 

When inhihitois weic hist inliodnced inio watei s\stems, ihes weie liee|nenll\ 
composed of single' active ioin]Kmeiils (eg, thionialt') Ovei the \eais, it has 
been found that sonic ingic'dienls iinpiine the pci lot mam es ol oiIuts, a clieiii- 
ical piintiple called svneigism Foi example, chioinatc used by itself leqiiiies 
200 300 mg/l C i()| lo pie\Lilt coirosion in an open ieincnlatmg svstim, but, 
chi ornate comhined with /mi, v at ions oiganic and inorganic phosphales, in 
mol^lMiates, prtnicles equal oi hcttei lesulls at oiib 20-30 mg/l t iC)| Some 
systems i intently opeiaie qnite sunesslullv with less than 10 nig /1 OO 4 , a feat 
that would be impossible wilhout efleciive supplements onb leieiitb developed 
Cunetub, chromates aie used alone only in umi|ue situations 
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ORGANIC FILMERS 

riiL'st niau-uals au tvpilicd h\ loiiiiiiig hlniing l.uus mi metal suilaies to sep¬ 
al ate the uaUM and inelal 1 liesL iiiiliide liliniiig amines loi tnndensale s\slenis 
dial unik tHeiU\(-l\ nnl\ in sigiiiliianth lediuicl n\^gLn cn\nniniii ills and 
sidiihli oils ihtil are gLiieialh liimtid to spciial applii.ilinns in c iioling w.iIli s\s 
terns 7 liest maliMials fnim and Tiiamram a d\n.imii hairiei lieiVM^en the uaiii 
anil nulal phases in pit>eiil luiinsioii 1 his him is gciuialh siibsianii.ilU lliiikn 
than lilt lilms esiahlished iviili ilu piopii appli(alinii nl iii[iiL>amL inlnlniuis 
siidi as cliioiiialt ni /im Vn inluieiii d,ini>ti in ihi tilinii appinaili is ih.il a 
small liteak 111 ihi lonnnuoiis him tmilrl allow tin ioiiosim agcnilnhL lodisirl 
on the Linpintiittd aiL.i iLsiilling in lapiil pi in iiaiioii ol iIil nielal 

4 iinlhii suns ol niliifiilni s nl iinU .lie ihnst .i])plii il lo iiihiii in])pM .ind 
1 n|ipei-alln\ [niinsion Iluseiiuludt mi 11 .iplnhtn/iitJiia/oJL hiii/nl 11 i/nli and 
inhii la/nli 

1 hese .iiL oiganu [nnipnunds llial itail with ilu iiul.il siiiliii mil loim 
pioltcliM films on i oppi 1 anrlioppit illovs llus Ini m .in i Mi i iiit K iliin film 
haiiiL I that is mu in ht i onipai (<1 wiih ihi ihu kt i soluhk nil i\ pi h n i ii i 1 In st 
mateiials aie 1111011112; mini alUnliini 111 modi in luaiminls .is iiinii s\sUms 
npiiali midi 1 iiiiiiasingh liigln i IDSlixils a 1 nmliiion th.il l m niii.igi s t n|) 
| 3 in iniiosion ( Lilam oigann plinsplinius stale inhihiinis usirl in innliiiL; sis 
terns ail .iggie'ssixc tntoppti 1 \[il maiciials 11 i|iiniiiK ifn ailditinii nl jinppci 
inhihiloi him when ilu si an iisid 

SACRIFICIAL ANODES 

Sainhiial anodi s udiiit galvanii allaik h\ pioMiimg a mil.il (iisualK /nu hiil 
Mimeimns iiiagnisiuin) lhai is higlu 1 on ihi gahami suns iliaii miIili nl tin 
two nu tals ihiii an found ioiJ|)krl togelliit in .1 svsLim Ilu sauifiiial modi 
then hi In lonus aniidii 10 hnih im lals and siipplii s i kiti nns in ilu si c .illindii 
sill lac L s Dl sign and plat 1 mi 111 nl the st .iiinilt s is a si u m i in list 11 V\ hi 11 pi op 
nil em|)lrj\cd, iliex lan gitiilh udnee loss nl sit el liniii ihi tnhi sluil of 
exiliaiigeis c mploMiig toppLi luhis for i x.iiiipli S.ii 1 iliii.if anoilt s haxi hil|)iil 
suppleiiu lit ilunm.il pingiaiiis 111 1 vaiiets id tnnling walii and pinitss wain 
sv stems 

WATER DISTRIBUTION SYSTEMS 

1 he tontiiil ol loiiosion in waUi disiiihiilinn si slims pi i si ills snini rhlFiiull 
piohlems 111 (conoiiins and watii ihiiiiisin In miitniipal watii disliihnlion 
svsleiTis, the ilume ol irtaliiiem ihtniuals is Imiiterl luiansi the ireaieil water 
must meet potahk standards Mans indiisiiial plants hast the. sanu piohkm, 
Yjecdusc dunking water is often tapped horn iht gineial null supply \ set 
ondat) piiihkm is ihe sekdiuii ol a tiuiiiical lor toiiosion loniiol ihai will not 
be haiinlul nr iindesiiahle in any of ihi uses nl the walei in the plain And 
eLonnmiis is an mipurtaiil lonsirleiation he iansi the iisei lesists tin addition ol 
an\ appietiable tiealiiiLiil lostslotlie 10 - 1 O letils |hi 1,000 gallons ilial lie ifia\ 
alrcach he paiiiig fni the water 

Often where a walei is roiiosiyt, special mateiirils of ioiisliui non ma) he 
selected fni ihe distrihution system I liesc iiia\ iiuludc galyatii/td msirarl ol 
ordinal\ steel piping, or it mav he nefess«ir> to use special pipe sinli as tlun-wall 
stainless steel tubing, lined pijie m iion-iiielallu pipe 

flowever, the majonly of installatiiins lot munitipal oi mill walei clistiibLitiiin 
use plain steel Ihis is suh|e(L to iiitiosion, clnelly beiause ol dissolved oxygen, 
dll uiilavoiable siabilily index, 01 both Citirrosinn may be aggiavaied b> cleposi- 
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riDTi ot siispcnderl solids, \shiih mif^hi develop from aflei-preLipiiatioii of a lime 
tieaiiiiL'ni oi hiolofpcal arii\it> 

1 he fiisi step in coiie(lin|i> a distiihuiinii system connsioii problem should Ik* 
.1 levieu of the walei atiaivsis to see if a change in the sialiilit> index would be 
brneliiial In iiian\ lasrs the c.oiiosinn laii bebiouglil iindei control h\ tarivnifr 
a positive I angeliei Inilex, oi a Stabililv Index below b 

Lime is nsuall> fed lo ihc svstein, sinie it has the tlu.il elleii of mcieasing 
lahiuni and alkalmils One of the piobleiiis with lime, howcvei, is that it may 
not hi leadih dissolved SiispLiided lime in ihe system inav settle at times of low 
How oi in an its of low viloulv lo cnati loiii eniiation cells hven ihoufrh n is 
nirne ti onblesome to do so, il pto|H‘i feeding and dissolution of lime tannot Ik* 
assuiid llieii causiii soda should he fed and this may be siipplt menled with 
t.ikium LliluTidL lo ailnevL the osciall elltrl rd arldmg lime If the plant has 
Its own wain liL.itnuni svslim, it iiiav In possible lo c on(Xt tin Stability Inilex 
alnad of ilic fiii.il filieis to <i\oid aftci-pienpiialion of uiidissolved lime 

If llu wall I in tin ilistiibiition svslim has been liismleLted and rallies a 
ililniint itsidual, iliis helps gt tally m conn oiling toiiosioii by elmiinating the 
ailrlitivc iHc‘(i of mniobial ailiMly lo tin loirosion pioiess 

llu I oiivi iilional clieinnal li eaiiiic nts usitl in disti ibiilion systems nit hide 
polvphospli.ilt s tiiifl silicaies 

lilt ( xai t metliaiiisin by whnh poly pfios]diates lonliol ronosion in distiibu- 
lioii sysums Ls nol well known but it piobablv iinkides dispiisainy and the 
abiliiv ol polypfiosphalis lo inlnbii laliniin latbonalc [iieiipitatioii (ihiesliold 
litatmeiii) Polypliospliau s aic nsiialh applietl al a dosage ol about 2 nig/l 
I lit \ au not ob]eirioiiable iii ptiiablt walci, but they do si i|in*siei lalimm so 
tlial polypliospliali lieaitd w.iieis may not be lomplilrly iLaiiLcl in ion e\- 
I liangi systems In many t.iscs this is nol ob|Lilioiiabl(, but when high puiiiv 
df miin 1 .ili/( d walti is i(t|Uiiiil, die lain diiongh of only 0 1 (1mg/1 h.nd- 
iirss (oulfl be objei lioiiablt 

Sodium siliiatis aie less lic't|in nllv used ImausL the tlosagc ie(|iiiied is 
usually in lln laiigi oJ K U) mg/l as Si(L, iLi|iiiiiiig a Iced of about nig/l 

sodium siliraii \i vei tin kss, die liealiiiLiUs ait efletliyt, and allknugh ikev 
m.iy not lie eionomical kii tiealiiient ol the total yvalti supply, tiny may he 
iipplic il iiisuad to points ol list along lln ilisinbiitioii svsnm ycluie the cost of 
the litaliiunl tan be |iisiilietl f'oi i xampk, in soil vxaiti anas wlieie yyalei is 
i|iiiu tonosiye, siicli as along llu iioitheaslei n st.iboairl. sorlnim silnalc may 
be used In inai iinoniiiig muiinipal waiei .it shopping lentiis and cnnniuiual 
buildings 

/nil is illiilivt 111 iiiiinsmn loiilrol of disliibiilion syslems )iisl as m cooling 
yvatii syslems It is usually fetl with polypliospliales, but when the pnlvpbos- 
ph.iie IS objetlinnable it niav be fed with oitliopliospbaies Sum the oithn- 
ph [ispbales aie aimdn inbibilois and beiaiise tin level of li eat me ill must be 
kept (|uile low If) .ivoid taliium pbosphair deposiis, a liealmeni ol this kind 
nuisl be vtiy eaiefidly monitored foi potenii.il pilliiig-lype aliack Sinh iteai- 
iiieni may pioyide geneial eoiiosion pioleilioii but iriiild lead to loiali/ed 
pitting 

Saiiifui.il anodes aie sometimes used at niinal liMatinns m a disirihuiioii 
system wheie the walei is lappeil off foi oiiie-thioiigh loolmg of beat ex- 
iliaiigeis oi pioiess ei|Uipmeiil liny may also be useil m domestn hot water 
healcis in aie.is wJiere die munieipal supply is unusually aggiessiye, but il is 
nnl etonomiral to tieat the total How 

Since oxvgeii is a pioiiiineiil failoi in toirnsioii ot steel distiibuLioii systems, 
deaeialion may be a pi actual ptmess ten lonosion loiiliol Rerluelion ol ()j 
tomenlralion to less iliaii 0 mg/l will usually piovnle ailequate pioieiiion. 
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A numbct nf indiisliidl mstaildtimis ha\c u&cd cold walci dtMi.'idlnrs (\diiiuin 
dcdcidlois) ioi piorcctiiin i)l long pipelines The tost is usiiallv pisiified not |usi 
on the basis ol mdinleiidnce tost but also in cneig) savings, sinie loiiosion lon- 
tiol inaintains a sitkmiiIi piiM- wall suilaie, thus leiluiing pumping powei 
t oiisuiiipliori 


MONITORING RESULTS 

Most walei svsienis aie in lontiiuious use, so il is laie to have auess to iiispeil 
the diLudl sssteni to observe oi iiieasuit toiiosion anti loiiosioii inliibilioii \ 
numbei of tiKils have been developed to ineasuie coiiosioii bv inrtiied means 
Some ol the moie lommon of those employed todav aie outlined below 

Corrosion Coupons these pteweighed metal speiinieiis (Figine 20 IK) aie 
noirndllv put into a svsiem loi HO 00 davs following removal, tliev aie i leaneil, 
lewcigbeii and obseived I he metal loss (expiessed in inpv) anil ihe ivpt id 
attack (geneidl, pitting) is then deteimined and lepnited 

Oicasionallv. toiipons undergo visual evaluation oiilv ( iiupnn d.iia van 
widely based on loupoii finish (eg, polished vs sanilhlasLeil) Inialion m thi' 
svsiem, length of exposuie, t)pe ol fiielallurg>, anil ivpi ol pieti eatnient il 
aiiv (joirosion coupons aie excellent tools when piopeilv iiserl anil ivaliiated 
The outline diagiam (liguie 20 10) shows a tvpiial repoil nl a loupon evaliia 
non 

Corrosion Nipples I hese aie similai to loiipinis iii iniitepi, bill an not j>ie 
wreigbed, and oiilv visually evaluated lliev odei an ailvaiilage ovli a pooilv 
designed and installed loitosion i oiipon setup that riots not take How velonly 
into foiisideialioii Geiierallv, hovcevei, toupoiis have more uiiliiv beiausi l1ic> 
provide mine mfoiination li die lOupoii tacks have Itecn piopeilv ilesigiied 
A nipple ronsisls ol a simple pipe that is installed rni a bypass ailangenieni 
(Figiite 20 20) so that the nipple lan bi easily leinoved ioi inspeilioii ai an\ 
liriie 

Corrosion Motors (aniosion (unpoiis piovidt loiig-teim data foi nunc 
iminediate lesulls a lorrosioii iiietei can provide a leadoul in 2t hrniis oi Itss 
liillowiiig iiiilial system iiiseilion 1 ike the loupiiii, tin iiiijosioii lati is inrliLated 



Rguro 20.1BO Insiallaiion rd Ltiiinsioii iiiupnii raik Ihe Liiriinil 
valve at left toiineds ii» the water line Ixiiig sampled anil is throitlecl lu 
protliiie the lurreit veliHity past the ifiii|ifins, as measuti d at the ovei- 
Hiiw (liip) 1 he Luupuiis are mserleil at each lee 
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Figure 201Bb Insi ill ilinii 1)1 11)11 Dsinii c Diipniis 


111 iii|M I Ik nil hi Kinks In niitisiiiiii^ 4III t li iiiiidl |j[j|i lUial ni loss i lii liiniLs 
iiuirli III till niil.il litiii^ (s.iliialc rl 

\Mii n .illiiKcd 10 si.ihili/i 111 lilt sssitiii ilu riiiiti illiisiiait il 111 li^iiit \l{) 2 \ 
(an |iio\i(li insiaiil.ini nils iniinsinri 11 idin^s I Ins is iistinl lot [ipiinn/inf; pi I, 
IDS nilnbiLui listl ililninu application anil olhti 1 onliol xaiiabks Ilu niort 
sn|ibistua(ul null is pimiili a pilling iLiiiltniN iiiibv so bnlb llic anioiinl iil 
nil lal loss and l\pt ol loss is indiiaiiil 





Figure 20.1Bc Upiial uiiiixnis atm LX|)nsuii 
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Figure 20.19 Connsion ( cnipfiii l\dhidiiiini Kipoii 


Byposs line used while lest nipples are being inspected 


Test nipples 
Ljai}- ^ an ^ I8l ^ fflui 


1 Volve 3 


Valve 1 


Valve Z 


Figure 20.20 1 hi usi* f>l test inpplc-s, msidllrcl in si ram 

or condrnsdte lines, permits iKifh visual inspection of sys 
lem LrnirlUiuns and a measure uf Lurrosioii 

















Figura 20.21 OpLlilIni lOllllLLllll^.llDIII^SUlll llllMtfl lO 
.1 pi 1111,1111 iiil\ iiisl.illi il piiiln In IIlid Lniiiisinii laii nl 
iJii piiibi 111.111 1 lal HI I hi sv^iini t( tnntfs^of Mafrtm fnstiu 
ifu tt tit isttnt of Unlit hat I i ut/jntrittnti ) 


Allhmi^li iiit'ins pioMilc snnit iiiiiqiir .iil\ciiila^es iimi iinipnns tiiiiprms 
iniiiiniit h) 1 k' iiiiplo\(-il tu iliMrniiini liin^ ii'iiii ifliiisul vi.iui .iiiil ini'l.il con- 
iJLl uihU‘ 1 s\siriii i(iiirliiiniis 1 lu* iiuipoii aiul tiu' niulci . 111 * ediMlnt* 

Um)1s ih.ii LiiniplrniLMil tnw anolliin 

liisliiiiiaiii DUS f nilosinii iiininh)] in^ lias hiLii .ippliirl tn Itn'il anil innliol the 
iivH nl iiihihiioi 111 iiMilin^ wain systems 1 Ins mhiinlnf^ lias }>L'iit:iall\ heni 
liinilid In ihiniiialr inliihilnis 

Reid EvHlUBtlon Unit 2(1 22 slmus a l>piial lielil naliiatinii unii If has 

soeial ki'V ]iniiils Fust, il iiu ni pin ales a m irnliliLalls liesl^nLcl iniinsion tnii- 
pnii talk 1 he flow (and theieline \elniilv) thriniL^h the i.uk is si'lnted and 
cnnlinllrd lime aie pnsiliniis loi hiiih iiictn pi nbes and iniinsinii inupnns 
sn that shim teini and Inii^ term iniinsion lates tan he ef1eLli\eh mcMsuted 
Set rind, the unit tliipliLales heal tianslei sui fates Suite tcinpcialiiie tn heat fiux 
tan base a signilif.ini efletl tin the staling. Itiuling 111 luniisiDn lates being 
expeiieiued 111 a svsiein, miinitciiing ihis \aiiab1e is impnriani A pinpeilv in¬ 
stalled unit tail piiiside an exielleiit itMdniil and visual inditaliiin n( what is hap- 
peiiiiig in the npeialing eqiiipinent 1 he Field bvahiatiiin Unit efletlively inoni- 
tiirs tniinsiiiii tin biiih heal tianslei and iitin-heaL naiislci surlates under tundi- 
(mns that tlosclv duplitait- Ihiw veliRiiics, meulliiig\ and heal flux of the ailual 
npetaimg system 




Figure 20 22 \ in hi hm unii 

inilurlin^ hi ii i\i1iiii|^ii mil 
iiiii|iriii 1 Ilk list rl lf)i i\ ill! 

KIT I iisiiiii iiihiliitni s mil I 111 i Hi 1 1 
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Chapter 21 

Deposit Control 


l)i‘|MisiLs, in sjTTiplrsl tcinis, die dii ddiiiiiiildlinii dI seilinirnls oi sctlleil 
snlids ihdl (Imp mil al simiu pniiil in a s\stciii uheie the \^aiei \ehHit> tails tn 
.1 1 l\lI Inn lim rn sii|)pnir the niatiii.il in the siieaiii 1 Ins LlLlinitinn is o\ei- 
siinplifiril siiK L' ilepnsils aic nsuall\ hiinifi to Limtain -in adrlitinn in srirird 
solids—siaU iiiiirisirin pinihiits, miliohial masses leailinii |iiofliiLls and oils 
Drpnsils I an IK i lit in aii\ l>pr ol ualei londnil, ualn-iism^ di viie, ni sloiagc 
t.ink I lii'> iKiiii 111 hnilcis as will as (listiihiilinn s\sirnis ami Inal (‘xihaii^e 
eijiiipiiit'iil 111 ihislmok, those deposits loi nnii^ in i oolint; s\ stems aie exaiiiiiied, 
and ilu piiiuiplesol ile}N)sil Lontiol in otliei s\stems lan bv siiiniisiMl Itoin the 
locus on the liiiiilanientals ol de|xisit ioiinatioii 

A (le|Misii is seldom (oinposed ol one suhstame, and is almost alwavs an aicn- 
miilation ol iriateiials hoi example, sill lioni maki'iip walei riiav liegiii to defiosit 
in a low-how scMtion rd a heat exdiangei It the waiei is on ihe iKuclei ol l.aCOi 
instahilitv, the settling solids mas act as the nuliaioi loi the scaling meilianism 
h\ hiilliei ohstiiiriing How, and a defiostl will foim 1 his smII then be a lonibi- 
iiaiioii ol sill and scale, anti it mas foim e\eii iliough the s>siem is Ix'ing treated 
loi scale loiiliol hs and oi some olliei chemical 

Oiiie the deposii loinis, doimanl niniobial mgaiiisnis mas 1 h i oinc'ai ti\e, and 
il the deposit weie then anals/cd, all ilnee ionstiluents would he louiid Ihe 
rlilluiilts in sludving the aiialssis is deciilmg the likids oiriri ol esenls 1 lie 
sequeini i oiild have stalled with iiiicioliial ailiMls hlocking the Ilow, causing 
the io-ileposiiion iil the oltiei two (oiislitueiils Anals/ing deposit nieihamsms 
aiirl ilesising illeclivt* lonlrol ai lions demand a studs oi die total sssleiii Tin 
piohlem mas not Im- lausc'd h) siisfienilcMl solirls alone 


DEPOSIT SOURCES 

Ihe souTce of potential depositing inateiial mav be cxteinal ot inteinal to the 
system. One of the most prominent extetnal sources is the water supply itself, 
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ifvhith ina) tmiuin suspcfiided solids, such as sill iii a Uirhid sin lair watri, solu 
bic or pi c^cipitaied non, man franc* sr, or caiisovci lioni a ilaiihti or olhci pir- 
hcatmcnt uiiii 

A second soLiiir of de^msiliiif) nialcrials paiticiilailv iii an open iiiLiilaling 
lOoliTif^ ssstem wiih a uMdiiif' lovwi r is an C ooling lowtis ail as lai^t an siiuh 
bets, and the isatCT is ipiiii cficciiM in lapliiiing diisl nnciolHs, and otlui 
debris from the laigc \oluiiu of an lhal it contacts lUcause ilu aniniinl ol 
suspended solids in an is aluavs changing llit siisptiidcd snlirls lc'\cl in ihc 
Liiculaiing waici also i lianges lonsidc ial>l\ lioni iniu lolinic seasonal\atialions 
die lominon cU]Knding on local cnxii onnic nial conililions \Mnos])luiu 
souices ccmtiibute signiluaiilh in deposiis in and sutioiis ol ihi loiiinn ncai 
laiiii Irinils and in aicas of high pit vailing winds 

Cooling towns also sciuh industiial gases lioni an \niiiuinia liMliogin 
sulhde, sulluf dioxide and othcis aic‘ leaclih ahsoiUd irilo w.irci wIutl ilu\ 
lean chcmicalK cliaiigiiig ihe watci iliaiailciisuis Some iiini s iliis i liaiigt c iii 
Ik* so iliamanc that staling lotiosion or inn iobi.il in.issi s inav sinldiiilv ohsliiui 
a svsieiii 111 a matin ol davs 

Anothei signihcaiil ixliinal laitoi iiiMiic in ing di posiis is liak.igc ol piociss 
fluids mill a wale 1 siic.im 1 his Itakagi iiiav lonliihiiU iliitciU oi iiidni«il\ lo 
the deposiis Ihe niosl Loniiiioii iHlmi is in pi ovule lood loi miiiohial giowlli 
if the leaking Lontammants au oigann such as oil m lood siibsianu s 

Misi t llaiK oils external soiiucs includt wain uscil on pumps m tin v\aui 
iiriiiit and luhricaiiis applic*d In valves |)iiiiip glands iincl luaimgs dial imk iiilo 
the watei svstim thioiigh ihtse seals 

Intelnal souices of deposit oiiginaii* in iht ciiiulating watn—ilitmical pic 
npiiation foimalion ol (oirosion ]nodiiits |)olv me i i/ation ind liiologual 
giowtli au examples of iliise 

Piceipitation is usualh mdiicecl In UiiipeiaUiic chaiigi oi a dislLirbainc in the 
equilibiiuin oi the svsUm winch causes the solnhilits piodiiit of some con 
stitiieiil in till svsic 111 such as caliiuni laibonali to be exit eelt d Sli cl coi i osion 
products loini non oxides and hvdioxides that lend to deposit in ihe svsiiin 
paitirulaih on lioi suilaccs Pcil>meii/alion ol oigann mail rials is a moic 
nebulous cHcit, an example ol this is ihe coagiilalion ol pioUiiis which occurs 
when the: trmfxrialuic oi walti leaches 111 ) 1 lO”! (bO b^i"C ), die |iasieuii/alion 
range There mav be' iiatniall\-cKClining pioli-ins in llie svslein biought in with 
the raw water makeup, or the proieiiis ma\ lx* l)\-piodui ts of the melabolisni of 
microbial lilt in the svslein Ihc |Kilviiicii/ation of otlic'r oigann maleiials nia> 
also iNeur Fiiiallv. hioingical aeliMl\ may lie eiieouiaged bv the nutiients and 
food subslaiicLs present in ihe water 


DEPOSIT APPEARANCE 

Because a ilcposil is trcc]uciulv scdiniciitary, it niav he fniirid in the svsiem as 
uneunipaeted sill in c*e|uipmeiit or piping, nr ii may have* haitleiieci as acleliiiiiiial 
chemical or biological activity rlcvtln|K*tl after st'clmicnialion ol ihe iniiial ma¬ 
terial Where biological aetivilv develops lapidly, Ihc deposit may bi pic'domi- 
iianily organic material fioni tell substances, and it may be porous or shiny 
fhe deposit mav lie iniiilihed bv cheniii al reatlirins. parliciilarlv d high re*m- 
perafures prevail which could encourage chemical ptecipitatiun oi coiiusiiin 
reactions At anv rate, regardless of the nature of ihe deposit, lienause it is 
basically sedimentary, it usually has a laminar sifutturc which tells something ol 
Its history (Figure 21 1) 



Figure 21 1 I inmitii niiim i\piial nl mi>si ikpitsit^ incliiaiiii^ laridtimis 
in I 111 c iiviinnmi III \nal\sis nl tacli 1 1 \( i i<ii snnn Units ii i|iiii(il in dc leiinint. 
ill nl ilic K isrins Ini ili |iiisil I in in iiinn 

DEPOSIT IDENTIFICATION 

F>aliiLliii^ rhc Ciiusc ul a rltprisit in a w iiti ihstiihiiriim s\suin iLqiiiics a iiini 
plcU t\.aiiiiii iliDii nl ihc uitti s>suni imnhtil \ Hnw rlij|;riaiii slinuing rhi 
v,Mn ciiiuil piping anil iiidiMfiual jiuics ni ii|in]>ment in ihi s\steni is ic 
i|Liii(.(l 1 Inw lalLs at iniual }K»inis in llii s\sitiii tc iiipiidtui is Liiinunuud 
(nillulling siasnnal vaiiaUnns) and inaltiials nl innsiiuttinii au alsn iin])nilaiil 
daia Ihi loiarinn nl ihi di pnsil in llic s\suni shnuld Ik nidualLil on tin llosv 
iliagi nn 

Si usual nlisi i\alions ait nnpriilaiit pailiiulaih ihnst itlalnig to ihc appeal 
aiuc nl ilii ci|UipinLiil oi pqjiiig uIkil iht diposii v\as Inuiid tliL iiatiiie nf 
till ill piisn list 11 mil samples nl waui linni llic sssitm laktii al ihc deposit 
Iniaiinn 1 In lUpnsil ma\ ha\e an ndni ulnii In si lemnsid Imm lln sysUiii 
uliiili iiij\ disappLJi when ii iiaihts llu labniatniv fni aiuKsis Fhe litsh 
dtpnsil nia\ ktl slini^ \li iiias lose, this iliaiaiIt iisiu d ii dins belnit leaihnig 
the lalN)iatni\ Sii ii is impoiiani that ihi [>cisnn sampling lecnid his ov^n 
nbseisaunns nl this kind rtlaling tu ihe fitsh Siimplt 

Finn L>|x's nl aridlvlual li sts ate used Lii supph i hemical and biulogiLal data to 
siipplemcnl the physital data a de^xisil aiiahsis a inmplete niineial analysis ol 
llu waiei a muinbial analysis nl the system water and a iniLiobial analysis nl the 
deposit (ligines 21 2 21 i t^l F and 21 5) 

1 ht watci analysis shown in I iguic 21 ^ induaus that this wattr is stable as it 
ixists in the iivei al ')0°1 (]0°( ) Hnuesei if the walti is used fni ennlmgand 
IS liealtd In ltlO°] ), ihc Siabilils index shims that C a( C)| wdl precipitate, 

whiih may cement tngcilui tlu settled clas deposits 1 his milicatcs that cilhei 
snltciiiiig 1)1 a siaU inntinl ihtiiiiial lit aline nt should he cniisidticd In picsenl 
ptoblcms ol LXLLssnc deposit loiinatimi 

lakcn tngelhei the deposit analysis and llu watei anabsis nia\ indiiate 
whrthci the susiKiidcd malLiials jnesciil in the walei soiiiLe can cieale scdi 
mentary type dequisils C nnlinnatinii of the ink ol law walei suspended solids 
III the loitnaiion ol llu tleposit may be luither \eiihtd by an analysis of the 
solids themselves 1 hese analyses (Figures 21b and 21 7) indirate that this water 
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DEPOSIT ANALYSIS 
REPORT 


NALCO 


FROM; 

Analy&is No. 
Date 

Date Received: 

Sanple Marked: Water Delivery Line Date Printed: 

329757 

4/22/7J 

4/29/73 

5/03/7J 

Physical Appearance: Layered Tan Solid 



Inorganics m diied sample 

Iron 

3S 


Silica iSiD^) 

JO 


Phoaphnius 

J 


Alumina lAl^O^) 

12 


Calcium (CaO) 

J 


Sulfur (SO^) 

1 


CarbonabP ICO^) 

0 




Loiilairis a hl^11 level of lollnirlal ilav originalinf^ in the liver supplying the pldiil. 
The settleahiliiy of these stilids iiia> Ik* delermineil hy the linluifl lone In pin- 
vide a basis Inr deiiding whethei (laiifieatiiiii may Im* necessary. 

Figure 21 .H shows a mirrobiologifally-contaminated water sinine. I'his level 
Ilf contaniination is eriminun in river waters and some well systcMiis led h> siii- 
(aee waters. 'Fhe level of mirrobial contaiuination in this systt'in indicates the 
need for a continuous bicMidal program to protect the ecfUipinent against loiil- 
ing. Fur OTiLc-through water usage, a low rhlorine dosage, and a specific bio- 
dispersant should be considered separately or in rombinatiun to maintain a dean 
system. Slime-forming bacteria present a heat transfer problem in all systems 
where they are found; bacterial slimes have a lower heat transfer capacity than 
calcium c:arlK>nate scale. 
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In Figuic* 21 2 the* deposit .indl)/td had a si-f^meiiled ni laveieil siruilurc, 
:he iippei la\efs of tins deprisit indiLatiiig the high sill i onlrnl ol llu s\steni 
I he high iron Loiilciit ol tlic limet laveis induaies active lonnsinn oiciiiiiiig 
lelovv lh(‘ sill 

l^iveiiiig IS often the resull of loiig-teirii conosiori, whciein the strata lepie- 
ifiii changes in disti ihiition of the vaiioiis for ins of non, asm the development of 
1 long It I Ml loiiosiijii tulrertle Fxaiiiinalioii ol other laveied deposits may 
ndiiait various peiiorls ol pioress tiiniamiiiation, vaiiatioris in suspended 
lolirls III laik ol pll ioiiirol ol ihi vvafei svsliiii 
I)( posits I <111 In aiial\/ed phvsuallv as well as LliLiiiiLallv Mitiosiopii evami- 
i.itioii o( a rleposil exploits the .ippiataiiii ol iiirliviiiiial laveis \-iav fluoies- 


REPORT OF 
WATER ANALYSIS 


I ItOM _ 

Snilysis Nu 

Date 4/ ^2/73 

Dale Hllc ivpcl 

Dat^ Piintecl S/'»''73 

Sdiipiiw* Miitked River Wdtfci 


CAIIONo PPM 

CalLium iL^COj) - Solublr 2‘'b 

Maqnpbiuni iraCD^) bolulUt 140 

Sodium traCOj) 12U 

Ammunifl (LaLP^) 2 

ANIONS 

Birarbonate KaCOj) 2S0 

Lhloiide iCaro^) 120 

Sultan tLaCO^) 700 

Nitrate tCaCO^) ISO 


DTHLRS 

pH (pH units) 

Alkalini-ty iCaCO^) - Total 
Alkalinity (CdCO^) - Phenophthiltm 
LoiiducLivity (Mirromhob pti um) 

Iron (Fc) - Solubli und inbuIubJe 
lotAl dissolved -.olidb (IBO'V) 
Suspended snlids (IDS i) 

Silica ISID 2 ) - Soluble: 

* Not detected at concent rat ion in parenthesis 


fi*. I 

IVlAI-CD CHBMIlCAL COMPANY BhI 

n<>fc W oe T H PL AT C Ct lie AGO IL L INOIS 60O3B 

Figure 21.3 Anahsis lA WiUci limn saiiii systmias Iigiiii 21 2 
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Flgiira 21.4 MicmbiaJ analysis of \varcT from supply line. 

cence shows ihe quantitative levels of specific atoms conlained in a deposit. 
X-ray diffraction techniques determine the crystalline romposition of materials 
within the deposit. A sc'anning electron microsrope with an energy di.spersive 
analysis of X-ray (KDAX) capability ran identify elements and provide vis¬ 
ual examination of individual deposit layers at high magnification. These ex¬ 
aminations are not alway.s necessary, but are valuable aids to solving difficult 
problems. In instances where microbial activity has been a contributor to deposit 
formation, regularly scheduled sampling of water from the deposit area for 
microbiological analysis is necessary to assure that the disinfecdon program is 
proteedng the system. 
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Deposit Lontif)! pro^idtiis uoik Ik si used for piextriLivt lalhcf lh<in loi 

.itiM pinposts \1J ihc l(K>ls Hilled ciiiici die eniplovtd Iiii Lsaliidting the 
inhlLin Till txainplL il llu sui\(\ shows tlidt iht eiiTUcniraliiins and l\pL nl 
ilids iiiliridiKcd mil) a svsUiii \ii like l\ In stlllt al llu \tln(il\ tncoiintciLd iii 
11 s\ sit 111 lilt 11 iillui rlumit.il litalmtiil ni a it dm non id lliest solids is 
i(issai> oi hotli 1 Ins iii.ii lake llu inim of loiiipltu titaliiunl oJ iht in 
1111111 ^ iiiikiup vv lU I In 1 1 (c 111 iilatiiig looliiu; s\stciii it iTia\ icqiiiic llu 
Illusion of a slipsitiain lilui iii llu loop 11 llu thaii^t in llu Siabiliiv liidtx 



Plgiiro 21.5 Mitiobial analysis of [lt|insii limn iiindLiisti iiHilLiiliy saim walLi supph 
IS Figiiie 1:21 ^ 
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REPORT OF 
WATER ANALYSIS 


FROM: 






ANALYSIS NO. 

P 5390 



DATE SAMPLED 

8/20/77 



DATE RECEIVED 

8/23/77 



DATE PRINTED 

B/26/77 

SAMPLE MARKED: 

River WaLar 





resullifij; from a teiiipcralurc rhan^e i.s such lhal ii caiinof be cleall wiih emplciy- 
ing sequestering agents or dispersants, then the pretrealmCMil system should 
provide nut only tor removal of sus[>cnded solids, but also sollening of the water 
by lime treatment. Finally. sLerili/.atioii of the makeup waiei, eilhei w'ith the 
clarificaiion/softcning operation or separately, should be practiced il microbial 
activity cannot be kept under control by treatment ot the process water itself. 

Preventive control may also require modification of the system. For example 
maintaining solids in suspension may require increasing the velocities through 
the water circuit by such means as recycling around the equipment with a pump, 
or agitating the water by injection of air into critical segments of the system at 
periodic intervals, called “air-rumbling.” 
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TREATMENTS TO CONTROL 
SYSTEM DEPOSITS 

riie First cuLCfrnry of de|>fjsit Lnnirul rhernicals includes set)uestcring agents such 
as ^Kjlyphnsphates, organii-pliDsphorus c:oni[>«njnds. and |Kilymers such as acry¬ 
lates. These exert a thresliuld effeci reducing the pniential Fur precipitation oi 
iron, manganese and calcium coin|M)unds. 

The second group is organic dispeisaiits, including organo-phosphorus c oni- 
pouiuls, siirtare-aiiive agents, and polyelecirolylcs. IF the applied dispcrsani is 
a charged molecule, such as a polyeleclrolyte, it will dispet'se suspended solids 
hy adsorbing to their siirlaces, lluis adding an elerlrostatic charge to the parti¬ 
cles, [.aiisiiig them lo repel one another. Other dispersants condiLion the surfaces 


AT 

NALCO 

DEPOSIT ANALYSIS 

REPORT 

FROM: 

ANALYSIS NO: 127242 


DATE SAMPLED: B/20/77 


DATE RECEIVED: B/2 3/77 


DATE PRINTED: B/26/77 

sample NARKED: 

Suspended Solids zemoved from water sample P 5390 


PHYSICAL APPEARANCE: Tan solida on milllpore 


INORGANICS IN DRIED SAMPLE, SCALED TO 100% 


SILICA (SiO^) 

ALUMINA IAI 2 O 3 ) 22 
IRON (Fe^O^) 6 
CALCIUM (CaCO^) 3 
PHD5PHDRU5 <^2^5^ ^ 
TITANIUM (Ti02} 1 


LOSS AT BD0°C 4 


THE FOLLOWING ELEMENTS WERE NOT DETECTED: 

Na A1 Cl H Pb V Cr Mn Co Ni Cu Sr Sn Ba 


I 

NAkCD OMHMIBAL CDMIPANY 

B21B W. BBTH PLACE » CHICAOa ILLINOIS BOSaS 

Flgum 21.7 Analysis of suspended solids fruin sample. Figure 21 . 6 . 
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D2ie W MTH PIACF CHICAGO ILLINOIS 80036 

Flgurv 21.8 Mitrobial an.ihsis cil .1 ifintjiiiiii.iii fl w.ilrr 

(if ihe suspended solids in ollu'i ^ays to keep ifieni lioiii 1 (M^uLiliiif^ and 
seltlin^ 

A thud (lass is ioiiipounds having both sequesleniig and dispeisin^ ptop- 
ernes fins category includes oigaiin-phosphorus (ompoiinds, inoigaiiK piilv- 
phusphates and natuial or pt(Mess€*d lignins and tannins 

A fourth category of deposit contiol agents is siirface-actnc chemicals that 
penetrate and disperse biomasses, called hiodispcrsants Some of these are also 
biocides and help kill the slime organisms Fm|ueiitly, chlorine is used in con¬ 
junction with bicxlispersants, although other kinds of bicHides may also Ije 
applied 






Figure 21.9 ( ivsl.il ihsiniliuii (.lusLri In ni^.iiiu lit iliiu in ihtiniLdls ( \11 l^OOOX) 

(ri) ( d( ()| plllipil.lh ll 114)111 .1 lltsll H lit I MMIIll (/)) DlStlHllllll lUdlLll 1)^ .1 piiK.ui 

II I tiliiiL111 (r) 111 siiiiiiuii piDiliiicil In liLdiiiiiiil uilli .in ni^anii plmsplialt 

( liaiii'LN piiiihiLLiJ In 1 t [iinhiiiaiiini liiaiiiuiil nl puh ai r> lalL/plinsphnn ili ii nnl> 

11 ') tii^/1 

A filth griHip iiiilutles ihusc ilurnudls usril tn nunhh iht (nstal sLriiiluic ol 
scali' Stale, olleii inislakeii I in ileposii, is the lesiilt ol pieiipitalion iit the sLdIc 
(1)111 IMmenls finm a supeis«iliiiated solulinn Since the piesc’me i)l paniciilales 
iiulijies pieii])itatii)n, scale is ohm i>ne of the li at linns in deposits (^heinuals 
like lanniii, lignin, ni ilien deiisatives lia\e been used I in main veais in pie\eni 
llie giimth ol laige ir\slals In doing this, allhoiigh pieiipiLatioii is nor pie- 
M'liied, the malenal that pieiipiiales is stiuiiinalK weak—iiiiiic like a deposit 
than a scale In tins lespeil, these iheiniials which disioit oi niodilv tiyslal 
giowth may also be loiisideied as deposit lontiol agents These iheinuals aie 
used IhiLIi m ciMihiig systems and in Imileis, tlicv weic the In si oiganii lieat- 
nienis iisi*d to keep heal exchange siiiiaics dean Tigiire 21 9 shows the t>piral 
development ol CaCOj crystals and clisioitiun b> ihemiial Ireatmeiil ol the 
water 





Chapter 22 

Control of Microbial 
Activity 


Ml w.iui lu.iliiunt |)i iM LSSL s .111 .illritiMl llu ))itsLiiit ol niiiiobrs Mtin\ 
ii\i[l.uit)ii-u(Uulion itaiiioiis art bioloi^Kalh meiliaU'd In inosi lasrs, iinirnbial 
I lit Ms ai( lit liiinuiii.il to (In n.ULM-usinir pioirss oi svsitiii lli)Ut‘\ri, teilain 
iiiflnsii i.il opt i.ilions pni inn i obrs ii> u rn k in a use 1 ul ua\ ilir ai li\ aicnl slinlgc 
pi III css list's 11111 1 obis lin ili^t'Slirin of iiitranii uaslrs inn i obrs ai i* iisetl loi ihr 
li 1 nil in.ilioii nl luM'i.i^i's inniobiai l'ii/miil's ai i* iiscliil foi liMilici |niiiissiii^ 

lliMnlrilnin nl innniiipal (Innkiinr w.nn anrl sii i ili/aimn of lonrl piiiirssiin* 
and lifispiial I'lpiipiin nl air r\anipli's of appinalions nl bioiiilis (iliiMiiiials iii\u 
to inn 1 iil)is) ulu'ir iln i>oal is in kill all iiiitiobrs Mnwi-Mi, a loiiipli'K kill is 
olliii insllv, tinrl mil alwavs iitti*ssai\ ( onlin^ i^.iU’i in nlililiL's, sici'l mills, 
tHiiu'iirs, .mil niht'i niilnsiiial pl.iiiis is licalcd lo iniiiinl inninlii* piipiilalnins 
■U ItM'ls dial ixpnicini has pioM'ii In In inli'iabk in llu sislrin williniit t nni- 
plt'li sin ili/aiiiiii l\jpn making s\siniis, iinliki' iiinlmi; nalri si sinus, ait* tU'- 
''■Kiii'tl In npt'iali with lai jj^t amnuiiis nl suspniilL'il siilnls, sn ihr tiilnabir Incls 
ol inninhr pnpiilalinns air t imsidnablv higliti ihaii Im t niilm^ wain 1 hr 
lull iiibk* inniiilu iniinl in a papn mill i.iiu's wiih iln* l\pL* nl papn bnn^ ni.iclc 
and niathiiir n|M*ialiii^ iniuliiiniis 

IManninii an rfin li\ t* inn 1 nbial i unit nl ]>io^iani Ini a sptiifit wain I ii .it mriil 
pinit'ss u*i|iiitt‘s an I'Xiiimiialinii ol 

I llu* t\pi*s nl HI ^iimsins picsriil in Mil walLi s\sit*in and Mil assniialrd 
pinbirins lhr\ lan taiisr 

12 I ht* pnpiiLilion of rath l\pt* nl in ^ainsni ih.il iiia\ hr inlrialrd hrloir 
laiisin^ a si^nihiaiil pi nblriii 

l\piial miiinhrs riutiuniri rd iii wain liralinriil anil ihr pinblrins thr\ laiisr 
air suiiimaii/ril b\ fable 22 I. 

Haitciia, ihr lai^rsl j*inup ol liniiblrsniiir nij;anisms, laiisr the miisl \aned 
pinblenis. I lir\ air iisiiallx ilassifird iii wain iiralmrnl hv ihe Mprs of problems 
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TABLE 22.1 TypIcBl MIcrDoigwilaiiiB and Thalr AaaodaM PioMmiib 


l^fH* Tif oi^anisin lv|H of pioblnn 

A BactciiJ 

1 Sliint forming bactLiia I*nriii ikiisi, slii k\ slime with Mibs('«|iit’iii fiiiiliii); 

>^aUi Homs laii be impeclerl and picmioiinn of 
otliti 111 ^tiinsni i^ioMlh iiliuis 

2 S^Kire lormiii^ badiTia Rttuiiu iiilii uluii lluii iii\iioiiineni biioiiies 

liosfik III iliein IIomcmi frioMih leiiiis 
Mhtiuxci llu t ii\II ojimi ni 111 1 unit s siiii ililt af^am 
DiHiiiili 111 iiintiol if ifimpliu kill is iii|iiiitil 
llimivii iiirisi piriKssis an not alliiiid In 
s|i«iii Inimcis mIiiii ilu ll|^anlsrn is in llu spoil 
fill 111 

S lion ckpiisiLiii^ baiUii.i I aiist the ii\irLiiiiiii .mil siihst rpit iii lUpiisiiiiMi ol 

iiisoliihk non hriin sohihli non 

1 Nitnlsinyr baiu iia (itiuiali iiiiiu and li oin aniinoiiia i oiUiiniiii itinn 

C an laiisi stsiii iniiiision 

5 Sullaii 11 dm iii^ Im( II fill iRCtiiiaii sulfitlis lioiii siillaiis anil tan i .iiist 

sc lions liMali/iil ttiiinsion 

b Aiiacioliit LoiiiisiM hailLiia ( iialt ioiiosim Imili/id t iisii oiniu ills In si 

1111111^ loiiiisiM Mastis lilts .lit ilwass loiiinl 
unihintiili oihti d[|Misiis in owf^tii thliiniil 
liM alions 

B Fuiiifi 

\iasis and molds ( aiisi ihi digi.idaiioii ol uiHid iii loniiii wiih 

llu Mali 1 sssiiiii ( ausi s|Mils on papii pioiliiils 

fwioM 111 siinlii .mas iii d( nsi fibioiis iiiais f an 
taiisi phnr^nn; of ilisiiilinlioii links on uiolin^ 
lOMM rltiks Ol iliiisi ((loMihs on tisirsons anrl 
t s.ipoi aljon |Hiiitls 

(fioM III aliiiosi ans vsalii mIiiiIi is i oni imin.ilt iI 
Miih battiiia inrhiait pool disinfi i non 

F lli^liLi lift lofiiis ( lams anil otlii i shell hsh phi^ iiiki slilliis 

ihc'y tause sliine-foi riini)^ h.icic'iia, iniii cltposilois siillalr iLtliuers, anil iiiliifs 
iiifr baileria Lach has ifs piilLtitcf t iiviri)riiiu iii and thiisrs in sprcifii 

areas of a ssaier svsKmii Aiidbii iiailttia, for ixaiiipk, teL|uiie i)\>^eii, so iIil\ 
aie found in aiialed wait is such as in a tnulin^ lower basin oi while walti in a 
papei iiiaihinc wnc pii Anaeiofin bacleiia, on tin oihei liaiid, don I usl oxyf’eii 
and obLaiii ifieii eiicigv lioin icat lions olhci than the oxirlatioii ol ingaiiii sub¬ 
stances 1 he 1 eduction of siilfni in sidfaii in the sulfide ion is an example Since 
anaetofies ilon'l need oxygen, ihev are found in oxvf'en-defitienl areas, siiih as 
urnic'r ilcposits, in tresiies. and in sludges 

Iron-dcposilois imiui in water higli in ferriins non, which they conseii in 
insoluble ferrii hydinxiilL, and whiih beinines pari of the mucilaginous sheath 
around the lell 1 liesc' di posit and aiteJeiaie corrosion rales, which produces 
additional soluble iron, fiirthci me leasing the population of non depositors in 
the system 1 be ivcle acieleratcs iiniil the whole system is plugged with iron 
de|K)sits (Figure 22 1) 

Niinlying battena oxidi/e ammonia to iiiiratc 1 his nilrificalioii reaction 
somelimes imurs in non lemnval fillers, aicompamed by a ledurtion of oxygen 


( Algai 


n Frill 0/0.1 
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Figure 22.1 linn ih |ifisitiii|* li.ifiiii.i nnii.iiLil ihc uilxn 
iiil.ilinn .jll.iilv 111 lliis still rlisliilnJliiiii pipi 



Figure 22.2 Ihr cli vrlo|iniriii iif pits lilleil uiih vnlumi- 
iHHjs |]i ruliii Is III 1 III I iisiijti liimi itiL Jliaik iii siillHlu-reduc- 
111^ l).iiti‘ii.i on sirt'l pipi' 
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FIgiirB 22.3 ill I lion pliiiiniiin ■ i)i>i iph i»J ri/r 

shllWItl^ lIlL L IpSIlIl llflllllll fill iclls llicl ll LllIlkL III 
biicit I'H.liLXtil 111 |il i\ I |>iil 111 slum fill III iliiiii (Piriii 
uidtli IS i|i|ir 11X1111 ll L l\ 2 mil Inns ) 



Flgura 22.4 Mic rnttmiL <^1 isoinJ s^tliiiii Jiiim a iijiiljiij;i 

lower shriwiii^ ftin^al .ittai k 
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and [>ll llusL baLifria aiL utlin fouiirl in aiiimunia plains wIilu Uakaf^c nJ 
aniiininia inri) innlniK ualii iiunuiafits llitii ^nmlh A pi I ilicip laiistil b\ tbc. 
iiinvLisinn nl .innnnnia in nitiati is iilUn tin iIul tn llicn pifstini 

SiiKati uilui 111(1 bai U ria an Inund in inan\ s\sitpis siibjLii in fliposil pinb 
lulls lilt snlliili s pi ndiK ul an tniinsiM in iiii>st nii lals ustd in \sau i sxslcnis 
iniludnni nnUI sitil siainli ss sIliI jihI alLiinitiiim IsidtiiiL ol die siiHaic il 
( lull IS IS the iinii|ije pil dilud nii (lit me lal sin fair snniuimt s in tlu Ini in ui 
( 011(1 nliit lilies (I iiiur ( J) 

Main b.iiiiii.i suitii i nuiul nriiiniis siibsiiinii dial i in ipsiiliilLS dii (ill 
lii*uii JJ I) shii Idling n li oiii (In I ii i mil ul unli \\ lUi siithitrlu ll II is pm 
111 lid linni siiiipk ln\u biniirlis ( niilinl nl uiiapsiilali rl bailuia iisiialh u 
(|Uins bndi nxirl.nimi and rlisptisinii id tin pinliiiiM sluaili sn dial du bifuidi 
I 111 n IL ll ilu ( 1 11 

\( Lsls 111(1 ninids (an Ii\l nii di id ni iiuil ni(;anu niallu 1 uiiu;i in nftLii 
Iniiiid nn \> nndt ii sli lit Inns siu h is innliii}* tnw l i Idl and siippnr linir nu iiilu i s 
ind sDiiiUiiius iiiidii biiKii.il nt di^al niassc.s I uni;al alluk id wnnri iisualb 
nil ins iHiiniiunI loss nl sinn^di id diL wood sliiuiun so pinUdinn (d du 
wood u (|iiii L s loiiiiiil id luiiL'i Imin ilu liiiu du siiuiliin is pui inln sumil 
l\iin(lu lisiini* nl du wood in diutinnu iis iisistiiiii In lulled atlaLk is an 
iin|inM ml 111 iiiiK iiaiii ( slip \u\ (Inn siilinns id unnd spec mu ns lakiii limn 
siiSLipiihk liK iiiDiis in ( \ imiiu d in iku11111111 du lxuiiI id iliukif dun lias 
liLLii m\ (Hit;ui( 11 1) 

\lfi iL lu ( d smili^lii In l;i riw so (In \ in Inmid nii npLii ixpiistdanis such 
IS innliin> invvii duks m nn (lu siiifact nl icscisniis pniids and 1 ikis Mns( 
ilL,a( 111 iknsL libiniis mais dm nnl mils pkii; disiiibininii piping and 

lluiiKs bin ilsnpiiiMdi n Las Im siibsL<|iiun i^inwdi nt inatinlm bac (t i iii iindei 
du (l^iL (kpnsils 

\ iLiiims ai^n a Daiiisli Innloiiist ( biisiiaii Iviaiii ikvdopiil i iinlhod id 
siaminv; baiuiial luhiins as a nuans ol sipaialin^ lluiii inio iwn bioad cad 
j^nius as an aiil in iduililiiadon (host dial lUain i tiliu lolm piorliued bs an 
lodiiii iiialnuiil all lalkd f>iaiii pnsi(i\t diosi not lLlllll 11 l^ du blia ldLoi 
iiid iKtpiiii^ a ud d\( fnlliiwini; indnu in nnunl in (*iaiii nt^aiisc Mosi 
ii|u.ni( iiiiiiiiIks an (nani lu^alist Hus all an lUfiaiiMis ihaijitd Lolkuds 
diavi a lu^.nivt /ua pniimial) a pnipiiis iim nlaiid lo du (>iani siainin^ 
iuhiii(|iii Hu nisi du s an lugalmb thaigul lollmds ilus an alluiul hy 
laiimiiL pobiiu'is and biiHiiUs 


PHYSICAL FACTORS AFFECTING 
MICROBE GROWTH 

Vfanv spuus id nninibts indiginous lo sod \\aUi and nilLbiaU oigainsms 
dirivi 111 a ladiLi hioad U mpLialuiL laiigc ni JO Naiiin has piorlnnd 

siled organisms dial tail list ai U'lnpLiaiiin s as low as 0°( and as high as 70^C 
Mightr tempt latuirs kill all niuiobcs 

l)tnatiiiaiioii of pioltins, whuli laiisrs Loagiilaiion uitfiin du nil olliiis at 
(citiptraluns Inflow 70”( ( niiimcicial pasiciiii/auon is a dLiiatiiiation piotrss 

Milk is usualb pasitiJii/rd at bS°C b\ Jiolding dial u niptiatm l foi '10 innuitcs 
d dir trmpriatnir is taised to 72°( pasteuii/ation is completrd m onh 1 ^ 
srionds I Ins piocrss kills all distast-pioduiing (padiogtnu) mgaiiisnis but dots 
not protliuc sttidt milk, somi muiobts iciiiam to taust dir milk lo spoil m timt 
Most aiint'b gnming mitTobrs of mtcrrsi in wain iTtatmtiit Leihnologv arc 
killed at 70°C in less than fi\e minutes 

Maintaining low lempeiaiures is not an cfleiiivt means of killing miuobes 
Ai O-'j^C , organisms become rioimaril liec/ing kdfs mans tells, but tJiosc that 
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sui\]\c are i apablc of loinplele iei(iver\ hcim ihe shoik. One piineiUiie iiseil 
U> piesei\c iiiuiiilx's inxnhes [iee/iii)ir (l^Hs lapullv ill -7n°(' aiicl then leinnxin^ 
the ue ii>Mals as \apoi (siibhmatinii) I'liis pi mess is 

L)i\ heat lesiihs iii <leh\(halinn ol all lellulai mallei anil n\iclalinn nl iniia 
lellulai cnnslitiieiils Sleiili/ation oi labnialiitv inerha is iisiialU lainerl nut in an 
aiitmla\e ai 12l^( Sieiili/aiioii iii glassuaie is ilune uiih ch\ heal at lh()”( lot 
twn hniiis 

Mnistuie is iL'quneil ini mmnor^ainsins In aili\el\ ginv\ Manv speues nl 
paihn^cnii ni nanisms aie killed quiikh hv diving llnwevei, oigaiiisins m I hi 
s|M)ie ni e\st stale lan suivive lim ninisiine enviioiinienls. anil, il lianspiiiled 
wind ni aiiiinals tn a Im.iiinii vvheie ninisluie levels siiil iheiii, thev levive .mil 
Inini new cnlnnies In pievent atlaik h\ muinhes, himhi i anil ntliei Mihieiahle 
iiialeiials aie dited in less ihaii mnisiiiii Liiiueiil 

Ol ganisiiis (niitaiiiiiig t him nphv II aie able in use the i adiaiit eiiei gv nl ihe sun 
III ailiinial lighling tn iniiveit C ()• tn iaiImlivdiales, whiih ihes nerd Im ilII 
svnihesis Hnwevei. mil all lailiant eneigv is ustlul in ihi lell and leilani lii- 
queimes nl i«iiiiatinn aie haimlul Rarliatinn is tin itdnu one melhnil nl mu inlu 
iniilinl 

Shnii-wave length foinis nl enei gv. siuh as gamma ia\s (IMIl-l V) and \ itivs 
(1- IIM) A) aie panic iilaib useful 1 hese it rate liei livdingiii and li\dins.\l 
ladiials and snnie pein\idi s when ihcv pass ihmiigJi ihe lell, i .iiismg i ell ilamagt 
111 death these Imms nl ladiatmii ait ha/airlnus liieig\ in tin nlti.ninlei 
Ieginn 1 1 (10 1(H)0 A) is alsn use Inl Im killing mmnhe^s In this iasi, llii eneigv is 
ahsnilied hv llie iiuclen amis, iiealingfheinii.il leiiiiinns ihtii aie leth.il in ihi 
fell 1 his Inini nl entigv, hnwevei. has pom penelTaliiig ahililv, sn die nsi nl 
ultiavinlel Itghi Im disinleilinn leqnifts a spei uil iksigii nl lieaimeni iiml sn 
that the eneigv dues iini havi In pinetiali deiplv inin llu walei 

Ostiinsis IS the* diHusinii ni w.iti i tinough a seiiiipei me .ihle niemhi .im si pai at 
mg iwn snliitiniis nl dilletenl snlme i imieiilialimis Ihi wain llnws in .i iliiii 
tinn In equalize the imu eniialimis Whr'ii mu irihc's an plaied m 10 I'/r salt 
snlulinns Ol "lO 7l)^r sngai snhitmns. iht watii msidi llu i ells is e\ti ai it il hv llu 
sill I nmichng iiiedinm 1 his dehv (hales llu c ( 11s sn llu v ai e iinahUMo gi nw in an 
killed this te(.hiiiqiie is used iomineiclallv In piescuve fnnd Kees use ihis 
piiruiple tn piestive hnnev, imueniialiiig it hv laiiiimg the (imih with then 
wings 

Ihe mieii.ires hetweeii a lifiiiid and a gas (siiih as sinimmdiiig a luibhli ol an 
111 walei), heiweiii iwn li(|uids (ml drrjpleLs in wain), and hcMween .i solid and a 
li(|uid (sand giams m walei ) an iliai.uUii/ed hv mibiilaiueil Iniies ol ailiai lion 
hetvveen the ninlecules nf walei al die siiilaie and thnsi* m die fluid hodv I hese 
fnit(*s aie ilosilv assmiated with the melaholu pim esses ol die muiolu Ihe 
cell must Im* able* tn iU i umnlate nun mils at iis sin far e f m assimilatinii, .iml waste 
piorluLis inusi he eliriiiiiaied fimii the itII and caiiierl awav Iheicdme, dii 
girmdi and well-bcMiig nf a tell aic iiillueiued In snifaie Iniies in the sniioiiiiil- 
iiig .ir|ualu eiiMrnnmeni 

Siilistani es having sutlaie leiision depiessmg elleits (siii faiLaiils) lend In have 
a delinneiual elU'ct mi niurohes if the conienliation is high eiiniigh I hese 
Iiialeiials tan aim i ell divisimi, ginwth, and suivival Sui Luiaiils aic ollen used 
tn iiuiease the efiecliveness of huKidcs hv dispcismg cell colonies aiul piotc'c- 
Livc sheaths to allow die loxicaiil in ciiiitaci the cells. Some liixuants aie ihem- 
selvcs SLiilace active (such as phenols and cpiaternaiies) and U'lid In aicumulate 
on rell suriaces hv adsotption. 1 his pieveiits entiaiue and iiiih/aLimi ol loud 
subslanc.es by the tell Quatcinafies will snmetinies cause leakage oi cellulai 
maleiial oul of the cell wall by ibaiigc's in suiface icMision at die membiane 
sui lace 
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CHEMICAL FACTORS AFFECTING 
MICROBIAL GROWTH 

MuidIhs havi liLCii Iniiiirl 1(1 (\isi in lh( IjinaH |>II iani;i of ^ M llrmc\Li llir 
iiiiisl cniniiKMi niKinbis ikscuiaUcI willi walti — ilirat aiul hatliiia—iisuallv 
111 iiniain lliui iiiK^inal pi I al 7 so iln v piilti a nt iiiial aipialiL i iivnnnmt iil 
(■(iiiialK \tlists ind ninUls laxoi rlLpiissirl pll in llu lanp^i of \-4 Dihili 
(111111 solulirin IS soiiu liiius i mil iininaU cl 1 >\ kin^i ( .iiisiiit« iIil pJinr|r||]||i ol alum 
II I il lint s iiiid I oiaiiii u I s w hilt al iht sum Him llu siilniimi is h(i olliaturhil 
f;i o\\ ill 

h II U III and liiiii>i (an hmli imiiiihLili in indiisliial pinlilLins mi i a pM raii^t 
ni ~} 1(1 Oilui [ 111 mil il lai im s disc ussi d in i ai lii i iliafiliis imliidi llu pM s 
Mill 1)1 1)1^11111 iiiUUi lo slim is innd Ini llu iniiiohis and a sllppl^ ol llu 
iiiiiininn iniiiiiiiis <.11111 is niii()L;iii mil jiliusplioi us MijiiiMil iui (c II mi lah 

llllSIlI 

I )ii( rd Mil sui pi isnu> I 11 Is 1)1 KiK 1 iilu lili is ill il llu 11 is siiili 1 pi idiisinti iiid 
\ iiui\ 1)1 li)i ins Ml II soiiii tail ilninsi ilw i\s lu li aind ill il w ill 11 sisi ilamai;i In 
1)1 i \ 111 Mil i\ L 1)11 i lu mu ils Mi.il .III li)\ii 111 niim il 111 rl pi ml Idi ^(n i \ niipli 
plniiid u IS niK id Mu i iih i lu mu il huu iili s list d (m sK 1 ill/iiuin m iiurliial 
pi iilui Ml II IS II idiK di^islrd 111 iiiixilid sliidiiL v\ isle iiialnuni plains 
Siimliih simii h 11 it 111 Minxi in \\ isiiwaii is Mial 1 mil iin linhiiidt s pisimdis 
(xmidi iisinir lumpminds mil 1 L)it ii viiiiix nl dMh 1 iliimii.ils 1101111.ilh 

I DllSldl 111! lOMl 


METHODS FOR CONTROLLING 
MICROBIAL ACTIVITY 

1 1)1 pi iiliiil iL ismis 111 ninsi iiiduslnd \x lU 1 sxslims mdx liimiid use lan bi 
III idi ol Mu |di\sii d i ondiiimis Mial alli il mu 1 obi il lili Im i\ampl( lu.iling 
xx III 1 111 i\ (oiiliol mutobiil adiMlx bin il Mil w ili i is usliI lot lordini) pm 
posts Mils IS nol list liil R idiiiioii is smmiiims iistd bin ils ailopiion on a widi 
spiI ad b ISIS would iii|iini Mu dixLlopimnl ol 111011 t Hu uni tmii^ soiiiits 
111(1 biiiti ill signs of t(|iiipimin 10 i\pnsi Mu wain lo Mu ladiani (luigv 
\niong 1 lu mu al 1 oiidilions Mill miglii lu iisi d lot mm obi lonliol pM is Mu 
oiiK liki 1 \ landiiliU loi |ji 11 liial 11 sulls I xi 11 tins is liniili d null ss Mu sxsIliu 
w.iln i.in lu kept al a pll osli 10 Howtxn pll ilois baxi impoiianl illiiison 
Mu pi 1 loi inaiii( nl bioiidis as show 11 bilow 

Sniit luirlui |ili\su.d nni Lliiiimal (niidilioiis lan be ihaiigid 111 a piadiial 
wax lo innliol minnbial gioxxMi iliimuals nuisl bi iistd as bioiidts llu ixxn 
lommonlx iisirl Ixpis ait o\idi/ing and non oMdi/mg 


OXIDIZING BIOCIDES 

Cliloiiiu gas dissidxLil 111 walii h>diol\/ts lapidlx uiniding lo Mu loUnwing 
I (|ualinn 

CL + iijO-»^ii +(l -t noil (I) 

l~l\diolxsis (HIIlls 111 Its5 lliaii a stioiid al b'r'l (1 R^C ) I l)pi>Llilnioiis acid (HOC 1 ) 
IS Mil adivL itigiedit 111 lniniLilb> Miis it.ii linn 1 his wi ak and u iids 10 nndei go 
paiiial dissoiialinn as follows 

IKK l;^H + 0(1 

I Ins ptndiiies a hspochlonle 1011 anil a h)dingen 1011 Depending on pll and 
cnnieiuraiioiu ihlonne in walLi exists as fiei ihloiint gas, bvpoililoioiis and 
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(n li>piH hluiilc ii>ri lifruii 22 "i illii>liaUs llu ilisiiil>iiiii)ii ol ilusi iDiiipoiu ills 
al \ai>iii^ pM \aliics \hfi\t J.H 7 IMirliloiiU iDiis pi L([i)iiiiiiiili aiitl lliLN 
aic' llu L\(luM>(. Iriirii uhcii llu pi I (\(icds llu sum 1)1 llu h\pui him DUS 
anil and li\p(KhloiiiL urns is dcliiud as lici axadahh chlinuu llxpuihlDiilt 
sails such as laliiuin hxpDchlDiUi imu/t in wain ii> mlIcI iIksl Iv\d spiius 
dcpt^iidiiif; nn p[i 

(a(()(l) 20(1 i\) 

2(K I 4 li O^ HOC I 4 ()( 1 + OH (4) 

Thus, llu same ((|Uilihiia an csiablishid whillui Lltuunial iIiIdiuu m h\|)D 
ihlnnte IS used ini ililminatiriti 

Liqueiud ihlniine is asailahk iii hulk in in ixIiiuIlis \ ivpital iiisi.illaliDii Ini 
k-Ldiii^ ililiniiu is shown in I i^uu 22 and h 

( heniif als oihti rliaii i liUniiie >ras that libiiatc hx peu hloi lit ions an lonipand 
to one aiiothei in oxidi/in^ pnwii on I hi basis nl ‘available lIiIohiu I lit avail¬ 
able chlorine values ol a niiniber ol disinleitants art shown in lablc 22 2 
( hloiine IS a slion^ oxidi/in)^ a^ent capable ol itailing with niaiiv irnpiiniics 
in waier iiii hiding aiiiinonia, amino acids, proteins, laibonan ous maUiial, 1 
Mn"^^, S and C N 

1 he amount ol ihloiine needed to reatt with these substanies is lalleil the 
chloritic demand ridoiine reacts with ammonia to loirii three dillerenl 
r hloi amines 

HOCJ + NH|—► Nlkt 1 (riionoihloramiiu) -+ HjC) (5) 

NHjtJ + HOCJ—» NllCJj fdichloraniine) + H^O (b) 

NllCh + HOC I—> \( 1| (tnchloiaminc) + HjO (7) 

these ihJoiamine comiuiunds also have huKulal pTn|>cTties, thc> aie itfeiied 
to as the conihiiied residual chluiine In geneial, the rhloramines are slowei ail¬ 
ing than liee residual Lhloiine, hut have the advantage id being more eHeitivc 
at pH values abcjve 10 C^hloramines may also be more peisistenl iii a water 
system 

Bieakpoint chlorination is the addition ol suHuient cliloiiiie to satisfy the 





Figure 22.6b Inn L\linrli nf ililmiiu ii l nniiiiiii il iiii i si ik in iiiiiiiili>i 
t fiiisuiii|itinn b\ ULif^hl Inss mil llit flisiliiifrr is t iiii\t iii d in C 1 ^ is h\ ilic 
tVti|Mnaini mi ikt ri|;hi 1 he. thloiiiu supph inoin is isnLiii tl li nm 
i^Kralnis in ihi innlinl iimiiii (i of II aihitt linuan ) 
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Chlorine applied, ing/l 

(breakpoint con be eshmoied at 10 X NH 3 , mg/l) 

FlgurO 22.7 UiL.ik|iiiiiil iliImiiMrinii tiii\Ls slummy iifiilmn nl ( 1 uilli 

\-t IJll1|MUlIlfls 


ililiiiine drniand anil produi t lice icsidiial 1 hloiinc W hen hitMk|iiiiiil clilniiiia 
hnn IS used, rlie aiiiiiioni.i niiin^eti iiiiileiil is dcsinivcrl and ihe icsiilu.il i liloi 1111 
icrnaininir will be alniusi cntiidv lice availabh ihlonnc (li^iiie 22 7 ) 

(.himme also reacts with ni^aiiii iiiiiop’cii in walci I Ins is Imiiiil 111 luin 
piinents nl Inirig cells, pi mein, jKihsai ihaiides, anil iiininn aiirls 1 he Inxiiih dI 
c him me is llinu((hl to be deiisc^d nm limn ihe chlmiiie ilsell m its leltasc ul 
nascent owiifen, but lalhei limn the leaciion id ihi* ll()( I with the en/\inf s\s 
tern of the cell Ihe supeiioiilv id IIO( I nvei C)l 1 rnj\ be due in the small 
mcdeciilai si/e and elediRal iieulialit> nl HOC I, which allow n in p.iss thinu^h 
the cdl ineinbiane 

On-site pindurlinn nl hvpnchlmite liom sea water or biine ishrinmin|> pnpu 
lai as il limits the r\|insiire rd o^Kriatin^ personnel to chlorine ^as 01 h\|in 
chimitr- (omiMiiinds \ii insiallation rd such a svstLiii is shown m I 22 K 

( hlormc* reacts wiih a \aiiet\ ol or^aiiii materials, and allentiuii is hem^ 
directed to ihe piesencc* ol ihloimalt'd tompounrls 111 walei ihoiifrlil to Im* pro¬ 
duced hs chloiinaiion (dilorolorrn is mie ol these niatenals Because id coiici^rn 
lor ihe jMilentialh adserse ph>siolofpial elleits id ihese chlonnalrd toiiipouiids, 
re;ruldlm\ agencies aie seseieh lesiiii tinge him me appliiaiions lo large etfliieni 

TABLE 22.2 "AvoIIbMo Chlortno” of Chlorination ChoinIcniB 


I'l 11 nil 

MrihMial av.iilahlr (J. 

( liluiiiie gas t( I ) 100 

Chimiiic ilioxirle (1.10^) 21)'I 

IlypiKhinnies ((K 1) 

(.dlriiirri. Hill, C.a((K.I)^ 70 

SimIuuh, NaCK.I 

liiflusirial grade 12-11 

Dornesiii giadc' 

1 nhiiiiii. 1 i(KJ, lauruh) grade 

(.hJiiririaied isoi\anurii aud ((.(IN(J)i H5 
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Figure 22 B Xn t It t tii»l\li[ I til lU si^iu il in pniiliuL ihlnjnii hum burn 
1 lii> uiiii IS 1^1 III I iiin^ ( I honi si i \\ iii t hn i himiii iiiiiii nl st w i^m pi nil 
tllliiMii {( utf 1 I I I th hli S) tf» Ih I I t Dunn ufi Shfnnift ) 

llf)\\s I III iMinpli 111 itiium III iilililv si iiinii iniiiltiisLi w lUi with iIiIdiiiil 
M l \\ h( Imimii il til 1 hU i 1 pi 1 khI 111 Miih iwu hiuiis jh i il in il usmIli ils i\i i 
mil i)\( 1 (I J 111^ I ( 1 

( blniiiii tlifixidi ( H) IS uscil lo i liiiiiU 4 l ixhiil iii w lU i lit ilinini hn ilu 
iiiiilMil 111 l isu iiitl iicloi piohltiiis iiiii Ini ilu rli 111 ilion ill pliiiuil 11 is 
usi il ivluisiNtK ill lilt [iiilp intl iiiilusliv Ini iik iihini; 1 liis iiinipiiuiiil 

inusi In nil III il II inn ilu 11 ii linii til i liliniiu wiili siuliuin i liloiili is sliinin 

J\ ii lO I ( * 2 i U) -f Il I IM 

(>iiiiiill\ in tMisN nf ililtiiiiii IS list il in iliiM ilu u uIidii In irniipit linii 
I III siliu itui In pii SI i\t ilsslihililN lilt iiiiltiuil IS i;iii[i ilLil on siU Siiiit. 
ililiiiiiii flinxirli ilni s not 11 If 1 uilli iiiiinniii i il is iisi iul in s\sli ms mill iiiiiiii; 
iiiinirini i 

I 111 iu\l mnsi mminnn nxiili/in[> biiKiili is h/oiil D* I liis is in list mm 
iikiulIK tillnii|i|iniil tiiinpi mil m tiiliin minmiyjjlilii-s in flu LiiiUcl Sidits 
Ini flismli iimn r»f pill ihli v\ ili i II is ilsn iisi il in 11 11 mi i\ isii iiLilintiil ippli 
< iliniis In iNoiil lilt 11 sifliJ il I him miiiu s llul 11 siill hnm ilu iisii il i him m ilinii 
III u isiLw III I t 111 ill III O/mii IS pi III hit I il mi silt l)\ in i li i li ii mi nn i fhsi hdi ^t 
llnmiiih an ni oxn^iii \ hpit il n/mu t»t in i iim is slinun in Pi^im M 

n\iih/ing huMiiUs such is ihimnu hNy>nihlniilt s anil ni |;cninihlm iiit mi 
iMiils \mII kill all ni^inisms in ilu sNsiiiii i|UitklN il iht hit ihImiiK imius 
min flirt fl mnlitl willi ilu my^anisins lmiy> inmiL;h mil al a slicing t nmijfh 
flnsa^t U\il I hf \ also 11 1 iiii llit ii i litilist lit ss htiaiist iiiy^aiiisms iaiiiinl niapi 
In ni iHifiini itsislani In ihliiiiiu 

llowtMi nxiili/iii^ biiHiflts alsti It II I NMlh mnlammanls like H S \H( pulp 

hy*iinis i\nml siif>iisaiul lUlui nij*anits Ihisimit isis ihi mimmi nl ihlmiiiL 
i([|iinitl Ini biiM iilal tllifls I ht v ait nni ptisisiiiii anri iIun rkt in ijincklv 
jIici lilt fhemiial letil slops IhtN tin nol ptiiili ilt slimt niassis anil Inst thin 
t lit rliv truss as pH iiu liases 

Sn nxirli/my^ binticlts it quirt iniiipli nii nlaiv litainitiits In impinxt ihtir 
t lit[fiNclit ss I best iniliirlt ilisptisaiits in iliiiom ixisimj;* simii masst s and tn 
prtvtiiL nifranisnis from stlMirif^ nn lital liaiisfti suiiaits ptiittiaiUs to 
|Kirntalt organic inassts and to cxpnsi and kill siibsiniati oigaiiisms anri 
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Flguro 22.9 \ lutli I\ ul tint 1 1 Kl Ih il u n/nn ilms msi illt |I m i iniiiiii ip il |»l iiir I lu si 

pmrlufL O iinm iir (( lurhs') n/ Itifilrt Ihf(itn} »i Im ) 

biiKiiUs ir)i ifjiitiul of oi^aiiisiiis iii s\sliiiis ionl iiiiin iic rl uitli FI S \ll mil 
iitlici itcliKin^ .^LlllS 

NONOXIDIZING BIOCIDES 

\onii\irli/inir bioricUs oHii i w i\ lo iniiliol niiiiohiil aiii\il\ m s\sums iii 
iiiiiipalihlL vMili iFili>iiiu siuli its vxalLi sxsUiiis Ini’ll ill i)it>iiui malUi in 
cimnioiiici I lux pioxirli the lollowmi; f l iliii i s 
1 Vilixilx null |JL lull 111 nl pFI 
J I'cisisliiux 

Y ( oniiiil III 111 L;aiiisiiis siu li is liiii)i>i IiuIltii irul il^ u 

Sinrt ill III lIusL htiuiils au usuallx mil axailahit lioiii a siii^k |)uii ft 111111^ 

hiiNuiL 11uliMrl11.1l iii^ft iIk Ills aiL toiinulalLcI iiilo piiipiuiaix pinrliuis ili 
sigiu*rl tiiiiiiu 1st iixnall pr 1 Iniiiiaiuc 111 mix spLiilir appliialums i ^ papi 1 
inatliiiu sxsiims open t noliii)’xx lUi s>siliiis nut pi hi t ss wall i 111 IimuI jilaiiis 

ORGANO SULFUR COMPOUNDS 

MiihxUiiL bis lliioivanalL (Mlil) (S( N)—( H —(SI \) is a well known oi^aiio 
sulfui buMulc li IS iisiialU ic inmini lukd Ini ■ippliiaiioiis 111 p.ipu nulls anil 
I Doling svsiLins wIiLU 1 HhiLiit liinitatinns an sum and win it (oniinl of sliini 
lonmiig batlLiia is tin niain pnihkin llnldiii^ iiiiil and pll illiii ihi kail lili 
nl MH 1 xxhiiFi lixdiol\/fs 111 wain in Ini in li ss liixu siibslaiu t s 

figure 1212 Id illijsiiatcs llu pll depiiukiux nl tin hall lilt nl MBl \\ a pM 

nl 11 It is dfslinxed in seiniids 

\ coniiininiis ked nl I in^/l Ln the inakLU|i nl a innliufr sysiuii vxill niiittnl 
rjiganisins (.nluiiif' with tlie walti 11 an alkaliiu innlin^ watii Licaliiunl pin 
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^lain IS hmi^ iisril, Lhi* iclativrK hif^hei pH miW lause ilie MB I tii hNdioh/i' 
1<isU‘i In tiiiisi s\siL'iiis. ilir iiinhciilr uill cv(‘iitiialh Ih* fleslin\(‘cl il hnlil- 

iii^ iiiTUMS siiHitii'iiih Inii^ Mnsi id ihr arlaljnii ptotliu Is ate vnlalili* aiirl ai c 
sitippeil 111 llu* tniM'i 

\ siiiciv III assess ilir elleii id MR 1 i>ii hmlrignal sewage luMlini’iil ]iin(>iaiiis 
iiulu.ilt'fl liiai 0 Ti-0 111^/1 had no iulmsui able ellecr nil HOD anil suspeniled 
solids leiiiosal Soil is leasihh inlieai a s>siein willi iiielli\lenc-bjs-ihiiKv.inattMo 
iniiliol nmiolies aiirl slill ha\e iiii eilliieiil amenable In bioln^ii.il liealmeiir 

CHLORINATED PHENOLS 

I liesi .lie lii^liK elJecii\e .i^aiiisi iiinsi iiiinninii ni}ranisms, espetialb fiin^[i and 
al^.ie 11 IS iniiimnii In s|ji.n umei fill \mi1i i him inaled pheiiids in iiiiiiMse llie 
liinilui s lesisl.uue In luii^al all.iik these i mii|)niinfls laii alsn be used ellti- 
ti \ L h ,is bini irles u In ii 1 eil dii i r tl\ In i onhng ualei 1 1 n him n- and pi niai him n^ 
pln'iiiil ai e I iiiiniinnb list'd Im tin sc applnatiinis lieiause nl then elleilixeiiess 
and f>nnil cnsi |n i hn iimiu e 

I lo\M'\(.i, ( He I (IV I in ss IS depi iidi iii on pH, uilh a dt 1 1 cast in .utivilv as pH 
iiuuases rlue lo a i han^i li om lliL phenolu In ihi less ai live pheiiali Iniin Ala 
j)H id d lliiSL imnpminds an milv .iboiii lllS as eHeiini' as al a pH id h 
\llhniiL;h 1 him inaiLil |)ht iiols ai i lessaitiveal hiL>hei ]d I i aiit^es. lhe\ Ciin slill 
hi illeiiiM anil snihi It nll\ piisisltni Vpplu.ilnnis id ihest pi nilin Is nn a slu^ 
basis nm iii.dlv wnik best in svsuins with him; hnldin^ nines and low jdl 

Walei tiiMii il wilb i blmin.iU'd phi mils niav In aildi il In ailivalid sliid^t iinils 
wiihiiLii lausiii^ siL>iiiliiam upseis pitniileil iheie is eqiiah/in^ lapaiHs ahead nl 
(111 lie.iliinnl iniils in imii mil finu and iiiineiiliatinii and In pnivide Im 
iiieasniable iluav bilnu iiiti odin linn niln tin aiiivaud sludge svslein Seveial 
d.ivs ihuiuinn is iisiiiillv iLi|Liiied llu ihimiii.ileil phenols adsmb lo a siivnili- 
laiil 1 \U 111 on ihi p.iiinidali inallti and ai l i nni enii .iIl d lot iLiiinval wilh ihe 

simile 

CATIONIC BIOCIDES 

II peiieliaiiiiii nl sliiiu and al^ae masses is desneil .dnii^ willi [ii'isisieim. ihen 
amniLs ami i|iiali 111.11 les (qiials) au usiialU .ip|ilii d 1 he iisi'id .iniiiiLs m ipi.ils 
Willi L Idol ni.iliiin nsiiallv peiimis ihe dns.u>i ol i him me in he ledmed 



Figure 22.10 I)Lf;iadaiiiiii id iin iluleiii liis-iliiiMvaii.iii ai |)II h, 7 8 , 
.iiul n 
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Many ol ihe-sr biiM.idcs air sinfaLC-aitnr aiirl ihi'irlnir uiii ilispfist* sliinr 
masses I Jus aJlnus ih/urine atuJ ni/irr toxManrs in iiinlacl nigaiiisnis ivJiiiJ], 
uiidci nnimal liii iimsranies, ihev HciiiJrl imt Jiaiin liir ‘ iveltabilit> i>i oi^anic 
slime masses is mi leased so Lhai iJie loxiianis laii leai h iiiifltM the mass to l at 
aiiaeinhii loiiosim baiuria 

In a typwal amine ptof'iam m a (oolinir nmii sssiim a onie pii-monih slu^ 
oi an amine blonde al b>i lioiiis is used lo siippli nieiil ioiiiiniious 

Lhloiinalioii ai 0 '3-1 (I in^/1 liie lesidiial loi h H boms pei das 


ORGANOMETALLICS 

A tspiial exampit ol ibis ^inup i>i bioiidts is ilu fompoiind bis liibiilsl liii 
oxide, (Hm( |)=Sn—(>—Sn^(( il'lq)^ Ibis mnipoiind is usi d to loniiol iiiiifri 
and algae It also has a leiirlents to adsoib on siiilaies iii ibe s\sii m espinallv 
on wiN)d, and ibeiLloie aiialvses iisiialK fbi not show im k\els as bigb as v\riiild 
he expelled iioiii dosage ialliilaiions Ibis ailsniptioii piosidis loi iisidual 
algae and lungi cotutol aiiei lieaiincnl is disconiiiiin d Mibougb iis loxiiiis is 
gieatesl on luiigi and alg<ie, it also pinsidts gooil loniiol ol anaLiobu i oi 
losiie bacieiia 


MICROBIAL CONTROL PROCEDURES 

In systems uluie miirobi populaliiiiis may bt m.jinlaini d uitliin a uilaiii 
acceptable loiiliol langc and iiiinfilele sti iib/alion is not i(.i|uiud lMi|ULnl 
rnuinbe analyses should be luri loi mcmitoiing tlit piogiam SoiiuiiiiKs onh 
total counts aie luii lo indiiale ovciall imnobL population lixcls Uouimi hi 
systems siiih as industiial i iciiiiil.iliiig cooling wain 1oo|>s aii.il>s(s ol mini 
speciht organisms aic leijiiiiid ( haiigcs in total loum rlo not .iluass mrliiau 
changes in fungi, aiiauobii badina, sullaii lediiciiig baiUn.i «n alg.ic Since 
these organisms can be li oiibltsonic, ih y should be iiioiiiioitd spiidually 
In indusiiial watt is, a niiiiobial analysis usually expusscs iruinis pi i oni 
millililei sample Smi c a billion baiieiia ucigli on tin oidii ol oiu milligiam a 
high count ol 10 IMM),Ot)l)/inl ol sample iipiisinls only about It) nig/l ol sus 
pended solids 


COOLING WATER SYSTEMS 

A t)piLal lepoit ol those oiganisnis most ininmonly loiind iii iiidiislnal yyaUM 
systems is shoun in Figuie 22 11 1 his analysis is typir.il of tlu ystikly analyses 

lor miciolx loniits taken on a cooling sysicin w.ilei in an ammoma plant sain 
pled when the system is uniki lonfrol 1 he niiialiiiti “Nl'f* IN 1/1()()() means 
that no oiganisms \seie obseiverl in a l/lt)00 dilution id the sarn]ilccl uatei Ilu 
total Louni IS usually liighci than the sum ol indiviiliidl aeiobii slimL-loiniing 
bacteria shown alxiye il Ibis is because then au many mnie types ol aei nbic 
bacteria in ciMihiig walei than those specifically lepoitcd as lioubltsomL 

Figure 22 ]2 ilemoiisiiates changes in mirinbe popiiljiiniis piodiiterl by an 
ammonia leak into the cmilnig walei system described aboye 1 his siidrleii influx 
of niitrienl causcrl aerobic slime formers lo multiply 1 be lesulliiig di posiLioii of 
these aerobes iricicased the shelter iin anaerobic coiiosivc bacteiia uncleincalb 
ihe deposits 

Using analyses suih as these, an iiidustnal plant can oplirni/i biocide usages to 
minmii/e watci lieaimeni costs while pieyeiitiiig uiineiessaiy shutdowns caused 
by rampant muinbial contaminatiiiri 
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Figure 22.11 Aiidhsis—j luiiIih^ s>suiii iinilci innitnl 

A Lommiin pinhlcni in ntiit llii(ui(;li looliii^ w.iUm s^^lLn 1 s is iinii louUnji; In 
iiiaii> instanits lln ii mi ioiiliiiK is <uluall> a irsiill nf imitaininaUim vvith iimi- 
rlcpnsiliiifr baireiia siiih as S/i/i/ir^o/i/in ni itaUwufUa H\ inulineh iiionilnTiiifr ihe 
inakiMip w.ilet wiih muinbinlof^ial aiiaUses, pnlrnlial problems with iron ile- 
positois I an be aniiiipaud anti iriaimeni acl|uslefl lieloii ihi pioblLm ^ets mil 
ol liaiicl 

1 iguie 22 IS shows a hpiial makeup waiei aiiaUsis with non deposiims pies- 
eiii A total louiiL aiialssis would base intliLated this system to Ik* iiiidei good 
loiitiol and would havi missed the potential fm non loiihng liorn the iion- 
depositing baitcria 
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PAPER MILL WATER SYSTEMS 

111 iht* ititiiiuf.li uiii* III iiiihk'tulied frtacUs iil papci tii lioaifl, toial uuiiiis ul U)- 
*40 millinn b.uiriia pci ml can nlltii ht iiiliialid in ilii s^sicin uithoui laiisiii^ 
slinic pitiblrms, bciaust ilu soliiN aiL IngliK rlispcisul b\ ii snlual li)i>iiiri maii- 
tials icmainiii^ in ihc s\slriii B> iiiniiast in ihc piDrliiilinn nl bbarliLrl f^iailcs, 
slimes and olhci initiobial piiibleins hduIiI 1m‘ iini nntii)ILiblc at suili bi^h loial 
ciiuiils lieiausc id llu abscnii id the dispcisisL litmus 

Ibe hif^li lenipcraluics nl liiieiheiaid piodiiilinn systems id ten alluu the 
niaihmes tn lun virluaJly sliinc-liec even ihini^h tntaJ cniinls may appiiiaili the 
30-40,000,000 ranine ( ylinclei niathmes tan lideiale extiemeh hi^h levels td 
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b.ulcii.i iHKAust- the Iliac limes mil slimK and aic icIalixeK iiiiniuiif lo pimliii- 
uon mifniiphniis fniiii slimt- 1 Iil'\ iisualh jiiDiliiit- heavusnjjhu miilli-ply 
iMMid uhiili tan iiunipoiale sliiiii spots uillioiii ilainage to iis pmjwilirs 
Molds anti vrasls ait* moif- lesponsihlt loi sIiiiil pioblrins in papcimakings\s- 
leins ilian aie baLLL*iiii Molds nralt inoii pinblt*ins ilian MMsts briiiusL* llicii 
ihi I'ad-liki, IIIam hurl loiin lan lia]) fibei, fillci inaletial and dtbns, and bind 
lliiiii inlo a Irn.it Hills rluposil \iasls lansi iiioit pioblunis ih.in baitiiia iK-iaiisr 
ilius lilt Lonsidi Ialils lai^ii iind hast alaiks tOiitin^ aiouiiil ihu i l 11 niuinbiaiiu 
I i^iii L 22 ] 1 shiiu s tin anal\SIS of a tit posit takuii ti oin a jiapui niailiiiit* (i aiiu* 

I In linpoilaini It.iiiiius ol ibis dtposii ait thu hi^h Itxuls ol \casts, tin pit'scniu 
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FIgurn 22.14 Biiidnal>sis —papci maihine Ir.iiiu 

Ilf andetolm ioimisi\( baLlt-iM, and \\\v prcscnit* ol (nlifiiiiii hadrii.i (/ ( oft) 

Deposits laiised b) aeiobir bailcria lequire tofal louiits rnaiiv limes hi|i;liei lliaii 
these, so Lins is nni primalil\ a baciciial pioblein Flir majoi Liilpiii is )easl 
(juirosion inav Ih* a pioblem in lliis system beiaiise oJ ihr high lesel ol aiiaeiobii 
coirosives assoLiatcd wilh the deposits Pi oio/oa m ihc deposit ai e miliiaini s that 
there aie problems in Healing ihe liesh water biought into the mill linpioper 
chloiinatiun or hllralion of the iresh walei may be the laiise 






Chapter 23 

Biological Digestion 


111 (hL>cslion haiUiLi iiiliivaiMl iiiidi i ( ihiIi iilltil iiuicliliniis utili/e 

iiiaiiii 111 ilu wait I as ihtii IocmI, making this ii iisihil puMiss Ini 
u niDMiii; I main iniiaiiK iiiaUiials liniii naui Sinu llu |)1 ihlss dials uilli 
Iimiil; ni L'.iiiisnis iMi\ fai lui iiilliit in mg llii i;inwlh ami liLgillli nl ihi luIiuk* 
iiiiisi In innsidiiirl miliidim* an adi‘(|iiaU fond siip|il\ llu a\ailalHliiv ol 
iiiiliuiiis a Uinpiiali ilimalt and a itlainih nnilinm t inn oniiu iii liL*e ol 
l(iiipiialmL sliot ks anil similai rlisim h<ini i s 11 llu sAsiim is guiohii, owgtn 
miisi also 111 availahh loi uspnaiinii 

llu 11 ail main \\a\s ol i liaiat ti ii/m^ oig.mu niatiLi in waiii I lit tai- 
honaiioiis liaihoii ol llu loial oiganii mailti i.m In dLlmnmid (lolal nigamt 
lailion l()(), and llu siisi i piihilil\ nl llu oiganii mallti In o\idalifin h\ 
siioiig o\idi/jiig .igtnls snth as ilitomu atiil laii also lx iiiL'asiiiiMl ((iOD) 
lloui Ml, lilt lai 1 ili.ii llu I ai hoiiiii t oils mairnal i.m hi oxuIi/imI is no assuiaiiii* 
dial lilt malLiiai is a snil.dili lood Ini liaiUiia llu ahilil\ nl h.iiltiia in digrsi 
oiganii mallti is nuMsniirl h\ llu BOl) (Himlumiial ()\\gin Dtniaiul) list 

llu HOD It si uses ulial is isscnliallv a minialiiit iiuiihaini iniiiammg ihc 
otganu-ladtn walu saiui.iltMl with nxvgc'ii, a luluiit ol atiohu hatliiia, ami 
suiiahit luitiitnis llu* s.implt is huuImUmI al liH*"! ) iisiialU loi fi\r class 

(ROD,) ALldilional mimmalion on llit naiuii ol ihi* oiganits mas hi* ohiaiiied 
h\ iiuiihaiiiig a seiond sample Ini 20 ilavs \t tht tiul of iht iiitidiaiinii priiiKi, 
llu rixsgiMi 1 oiileni is iiumsuicmI and this \aliie is lelaifd diiL*ill\ in iht* lespiia- 
litm n( iliL* haclnia and llu* ii'diulion nl organic maim dm mg llu lt*sl iiunhi 
Oon 1 liL organic mallei mas be melaboli/iMl to cieale new cells, oi tninpleuly 
uiiiseiled lo C 0> I hr .u-iobu hatleria used loi ihis lesl are iioiiiiall) taken 
Itnni an giitivated sliiilgt plain, ami inni.iiii a vaiiety ol ingaiiisins whith have 
iH'iome atclimatecl lo ihe pailitiilai sludge in which dies wcmc giown (tiguie 
23 1 ) 
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Figure 23.1 (r^) \ \iiiit1\ nl iiiuiiili<.s ckxt lup m .in ailivilirl s\suiii nu liiiliiii> 

fiLiiiit iilniis l^ |ii s \^ hii li iiilt I It 11 with St chiiit nl ilinii Ih) W hi ii iht fil.iiiit iiliuis oi ^.iiiimiis 
Hi this lastj piLiltiiniiialt a iliiirlilioii knnwii is slinl^i hulking rk\ili)ps 


TREATING INDUSTRIAL ORGANICS 

In uinkinii uiih a u.isiiwalti that coiilaiiis imiaini in.Ulii linin an inrlnsli i il 
plain. It IS iinpriitani rn aiilnnalt the baiirii.i in llii u.isli li\ niHialini* an 
iiKiilialoi Ini a n( alinut a >seeL (n nhtain ninanisms that ha\( iilaplt il 

In the paiiiiiiLii nif>anics rn he rli^tslttl II is Lnnnnnii in linii iliai a si.inilaiil 
BOD lesi nun inrlicait pnni l)inrlLf;iailahilin nl an indiisLiial wasU siinplv 
heLjiisi till 111)1 nial se^at;t n)i;anisiiis usrrl in tin u si have not heiniiu aclpislLil 
to the waste The pint ess ni atiinnali/alinii usults in ihi eliiinii.ilinii nl inellei 
live haLtetia and the selettinn nl lhn*( nigaiiisins that haii iht alnlilv tn di^ist 
ni^aiiii mailt 1 lhai iiiav adualh Bl lomi In nianv ot^anisiiis Iniiinl in a 
muriiiipal ailivated simile 

riie iiinic ilnselv the HOD lesiili appinathes tiu ( Ol) ilelei iiiiiialinn, the 
iiime teadih is the nigariii matter in iht wastt dl^esled h\ tin seh^tled liaitiiia 
A lalin ol 0"), Ini exampk is exticmelv lavorahle hut Iratiiii.il di^i slinii is 
praUiLal even when the latin is as lim as (I 1 -0 2 

A tiumbti nl indusliies have dcveliiped ainiind hinlnjirii.il pint esses, siirh as 
wine and aiilihiotus, whith use lei mentation in piniliue useliil piniliuls Ihese 
industries use pure stiains nl iiiiiiohes hn a specihi pin pose lii walei IriMl- 
merit piOLessing by binlogii al tiealmeiit, except Ini the seeihn^ ol the s\stem 
diirm^r initial stailup, the niicinbial populatinns that inlnni/e and pnpiilare the 
sysleiii inLludt a wide vaiiel) ol speiies, manv nl whith eniei the svstem with 
an ni water 1 he population ol the lypital at rivaled sludf^e system is shown bv the 
analysis ol Fi^uic 23 2 I Ins population disiiihiition will be niaintaitied faiily 
iiniioi miy as lon^; as the syslein iii whu h these ni^anisms live is not upset liesond 
their ability to cope with rhaiigin|r Londiiions 

AVAILABLE PROCESSES 

Although special organisms oi strains aie not usually lequircd loi watei ireat- 
ment prixesses, the method oi digesliim most suited to the oiganu mateiial m 
the waler will lavoi ihe oiganisms dial are most elleitivc in that system The 
categories of organisms developing may be correlated to three operating condi¬ 
tions, aerobic, anaeiobic, and facultauve 


Biological Dleaitlon 23-a 


tiv lai ihr lai^i’sl catigiiiv is ariohu, iisinf^ ni^anisnis ihai it‘(|iiiie owgrn 
liH iheMi life piiML'sses laciillativc systems au seleLleci lui teitain industiial 
waste iiealnieiit o]>eialiniis aiiil iii nianv ol lhi sniallLi nmiiiupaliLics \iiaei<)biL 
svsums ait iisiiall\ lonfiiirrl in sLiniig oiganii w.islts siiili as ihiist lomiiig 
fioiii Iririd |>i(Messiiig plants, (ii atiiiiiiiilaftd iiigaini sluiigts linin i1h‘ atiolMt 
pruiess 

\ii under standing nl ilit ginwtli patttin ol baittiia is inipfiilant tti the 
(ksign nf a bacteiial rligeslnin s\sttiii Raitena lepiiidiiu h\ (issinii niu it 11 
splitting til pi mine t tun, iwn piiiiliuing Imii and sii nii Wlu n iIuil is adei|uali 
Iniifl siip])b, tins 11 pi mini tion lali minis t xprint lUialh (higiiit Dining 



FIgurg 23.2 I^pii.il ailisaieil slutlgt iiigaiiisnis 





FIguro 23.3 riiisisnl niiiiDDifJinisiii iU\ili)|iiiuni 


this logaiiLliiiiii ^umtli fili.ist llu nils 11 inaiii flispi isi il 1 lu ih^.iiih iiiiuijii 
nia\ be sviillit si/i cl ijiid new 11 lluLn iniiLiiil biDkcii ilown rnnipliiih in 
( and waUi or thcit max he sinalli i niiianii ninit iiil( s (iiiilabnlius) liniiiirl 
fiiini lliL lat)>ii nrits Ihcst max ixtnlualK \n iiiinpkuK rlitristul In ( C) 

As llu iniitnlus lh>iiiish llu Innil siipph begins U) liiiiil liiillui ^inwili nul 
in ihis (It'iliiiiiig ^icmtli phase alsn shown in Pi^iiii I a chaii^L l iki s plui 
III lliL niicinhial pnpulalinii llu coUnius ol haruiiii hi 1^1 n n) hiiin scltliahU 
bioloivRal lints I iilcss acldiljonal Inod is inti inliif e rl a lliiirl ph isi ilu inrln 
ji^enous firtrmth phase c online nets In ihis phase llu baileiia litionie lan 
nibalisric ktrl on taih orliti anil on dead icllulai in.iiiei anil oihl .iL;ain 
be'iomt liif^hlx dis]>ciscrd 1 lit siisptnded solids 111 ilii sxsUin btioiiu dilliinli 
to St tile 

This ^lowth iiiiVL itathis ihal ihe latin ol lonrl ii> baiLtii.il pupuliiinn is 
ni majcii iinpoiianie 111 blolo^u.ll ili^islion pinitssis Ihis latio eailed llu 
fi)od-tn 111111 iKii^anisiii (y/\/)ialir) lan In nuasmi d and is an iinpoi lani 1 iiloi 
111 cltsifrn and opiiadun ol acialioii basins siiili as ailixaltel sludge basins Ihe 
l(N>il IS llu B(JI) ol the iiuuinin^ waste xxalei the suspinded snlirls in llu 111 
eiibation hasiii ait niosllx illiibiilid to iht baiuiial popiilalioii so the pnpula 
lion densilx is obtained bx inulliplviiig llu susptiulcd soliils 1 onei nlialion in 
111^/1 b> ihc iiuiihaloi xnluim Ihe i l\t Kaiio is llitii txpiessid <is follows 

HM - H /( X \/I) 

win It It - BOD of itiioniin^ xv islew lUt iiifr/l 

C — siispeiiderJ solids in the iniiibalioii basin nif;/l (also tailed iiiixirl 
hi|iioi sLisjundLil solids MISS) 

D detention 111 llu Ifu nlTdtoi in da>s 
_ i iKubaloi vnliinit in gallons (111*) 
flow in i^alloiis pi 1 dax (niVil) 

SeiniLtimcs, instead of iisiiif; loial siispeiirled solids in this laiio llu volatile 
IKiition of the snsjietided solirls fMIVSS) max be iiiiisidiied moii appluable 
paiuculdiK il llic Jiif omni)( waste is luiidleil widiniii pinnat> scrlimc iitatioii to 
leinoxe nioigaiiu suspended solids Jii an atlixaud sliirlge svsiiin in fi sewage 
plant, the volatile suspended soluls aii usiiallx approxniiattU 709 $ ol ihe total 
solids in suspension 

In FigiJic 1 , llu f/M latios an plotled to conespond to the appioxiiiiale 
iMiundaries Ifctween the logaiiihmu giowrh phase, ihe deelinnig growlli phase, 
and eiiilogenoiis respiialion 111 aeiaied basins In all of the vaiieliis of at tivalcd 






FIgurB 23.4 Ki lui li n.il ^irmili phase tn iDOfl Sii|ipl\ in 

an ai i.ili il s>sli in 


sliiil^r |iimesses ihe delation cli'Mies air iisiialK rlesiji’iieil to he lapahlr of inain- 
liiiniii^ a minimiiiii dissoKeii n\\geii (1)0) iomentiation alN>\e 2 mf(/l 

TEMPERATURE EFFECTS 

\ iiia]oi lacioi in biological fLl^fsllo^ is is.ilei tempi iaimi*, .iiiil the. ilaih and 
seasonal iliaiigis tli.ii laii hi aiiiicipaltd in tin biolo^ual s\siiiii Iheicaie Lvso 
loiies at wink omi llie opeiatm^ limpetaliiii lan^t the fust is tin cniiipcti- 
iion lietween ps)( hi ophilit, niesophilii, laiiillatne, and thennophiliL oi^anisms, 
each haxiii^ a piefeiied leiii|ieiatuie ian|;e Second, in the faMirahle npeiatin^ 
latijje loi eaili o1 these lale^oiies ol oigaiiisiiis, iht metahohe late appi o\iiiiaiel\ 
dmihli's Ini e\ei\ 2(l''l (11"( ) tempeialiiie mi least (1 i^uie 2S "j) I Ins piiints up 
one Ilf the most simious piohlems of biological digestion the fait that ihe Liac- 
teiial colonies aie almost in a slau of siis|xrntled aiiiiiialion iii the wintei if the 
|ilani must be* shut down and the leinixnatuie ol the iiuuliauoii basin diops to 

(in ) 

Ihe haciiMial lolomes la\oi a pH in tlit lanf^e of ^i-M, and arc seiioush 
iiihibiied 111 thi'ii actiMties il ihe pH shiiiild chop below ^i oi e\iet*d 10 pH is 
onh line of the failois that must be exaliiateil to ileleiinme the vaiiahililv ol 


FIgurB 23.5 iLinpLiaiiiiL 
iliaiif^e of 2(^1 all! IS ivpiial aiii 
vatecl sliiil^c' nnciolit iiii lahnlisni 
idU li\ a 1.11 till (if iwii up 111 Htri* 
As .ippiiMLliLS, rail iieais 

/eiii AImi\c lOtn*, di 

(tt.isLs, anil sunn ilii'inifiphilii 
oifTanismsl.iki ovei 
Pfjivn S/K##ri/ Rfptnt 'Wash liattr 
Itfvittnnit, ' liittt I'^f}7 I 



Temperature,"F 
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the udstc stiL-am to dcude im flic iierd Iiit ei|iMli/atiiin, ot stoia^r Lapacily, 
pnoi |[) the biolo^iial dij^cslinii s\stein lo avoid upsets in the ar|ii.iLii eiiviioii- 
meiil. 

TRACE NUTRIENTS 

liiiallv, the bacteiial pcipul.iljons ier|iiiie niiliients in .irldilioii to taiboiiaieous 
fnotl, as indiiaied b> ihe enipiiifal ihemual ioiinuLi loi baileiial pioinplasin, 
^^ihiHh702jNijC) \s a iiile id thLiinb, the svsteni ieL|iiiies appioviinaldv *) pans 
(d nitiogeii as N and ] |)ail id phosplioius as 1’ loi eveiv 100 parts ol ]U)l) 
111 the vvaslL'waiei Mans wasieuateis, paitiiulailv iiiiiiiiii])al se\\af;e, lonlain 
the icquiied intiogen, but industiial uaslewatei nia\ lequiie siipplenienral 
nuliieiils, usiiallv added .is aniinonium salts and pliosplioiii aud 

I he phenoineiion i ailed sludge bulking is thoughl to be i.iiiserl b\ inadequati 
nutrient levels, although thi^ is piobablv an ovc isinipliliialion of a ddliiiili 
piobiciii In sludge bulking, the sludge settles slimlv beiausc ol ihe dfvdop 
ment i>t filanienioiis oiganisins in the biomass Ihe pin|eiting Jil.initnls iiiaki 
the hiolcigiial IIck. similar lo thisdedimn, so that it movf s with llu uali i iin u iits 
and resists settling \ bulking sliidgt piodiuis a high sliiilge voliiiiu indix 
(SVl) anil IS icadilv identified ni niuioscopii exaininaiion Oihei l.iiiois ili.U 
arc belicveii lo pioniolc Indking londitions niav iiuluflt low pM, uliiih lavois 
the girmlh ol mold and vcasis. the piiseme cd high ioiueiitiaiioiis ol laiho 
hvdiates, ami low levels ol dissolverl oxvgen 


BENCH TESTING 

In W 01 king with a waslewalii i ontaniing or gaiiii mallei ol an undefiiu il iiaiuti 
beiuh testing lollnwiil h> pilot plant tisling is ahsnluielv Lsseiiti.il loi ohiaining 
data needed lo design the biological licatmenl svsiem lUloie this woik tan 
lommeiue llu wastew.uei fiov^ must In siudied over a siiniiient peiioil ol turn 
lo indiiale the vaiiatinns dial tan In expeiteil in (oiiiposiiion anil iLiiipti.unii 
so thai piovisions can he made loi ei|iiali/dtion, whith is iisualh ui|LiiiLd \ 
sampling svsiem should iheii he installed to wilhihaw a sample ol ihc wasli w.iiei 
flow at tegular iiiteivals, ilelivei il to a immatuic ei|uali/.iti[ni hasiii .ind |)ii»diUL 
a composite saiiipk ol wastewalii lhal is iepieseiiiativt ol die total How, and 
can he tltawii on ai anv turn loi die bench studies A w.ilei .iii.ilvsis nmsi ihen 
In* inn im the composite sainplc to ileiei mini the mineial an.ilvsis and also ihi 
oigariii material as determineil hv nOl), ( C)]), and f 0( llu miiietal analvsis 
must iiulurle the deliiminatioii ol iiiial nitrogen and ]>hosphoius In delei mini 
whelhei then is a lU'ecl lot imtiieni aildilion Omi this has lieui cloiu, a 
miiualuie hiolognal digestion svslcin (iniiih.iloi) is sei up to opm.iic on .1 h.itih 
basis (Figiiie 2*1 h) Ibis consists ol .1 live gallon loniainet with an aeialioti 
device, such as an ar|uaiium ac^ialoi obtained lioiii a pet suppl> sIoil Ihe 
proceiluie loi iiinmng the lest is then canted out as oudined in l.ihle 2*1 1 
Feeding waste lo the aeration vessel mav be on a lontiiiuous basis if a suitable 
labor at 01 v pump is av.iilable 

Because die results of a BOl) test are not known lot five iia\s, il is helpful lo 
establish the I atm ol BOl) to (.Ol) 01 BOl) to lOt^piioi to iK'girining the lest, and 
thcMi lo use the COL) or 1 0 ( test to ineasiiie tlie piogiess of llie hmlogual 
digestion expeiiment 

SLUDGE ACCLIMATIZATION 

The common pioierluie for slurlge atxlirnati/atiou is to withdiaw a sample* 
from the inLubatnr once a shdt, at whiLh time the sludge is settled and the 



TABLE 23.1 Siimmiry of Bsnch Seals Biological Trealablllty 
Proesdurs (Ssa FIgurs 23.6) 


J'i lilt IS ol Viiisipu.ilt'i 

HOI) ml 

Wiilifliau inno ml hum iiiMjiimi th.ini 
hit Seltlr Irn Ml inin m a lOOO ml 
cvlinikT Ihiiiiil .iiul ilisiaitl KIlO ml 
Kef ill isliEiflei to UHin ml ssitli lush wasu 
and iLiiiin In aeiaiirMi srsstl 




\vei agf 



1 eeding 

feed I.lit 

DettiiUnii 

eii.isi 

h ei]U( lit \ 

inl/lii 

iimi, 111 

\i 1 ImiiUi/atinn 

i )m t i \ ei \ H 111 s 

11)0 

r>o 

Simile limlilii|i 

Oiif e IMIS Mils 

200 

T") 

R.iii stiifIll’s 

Dill t 1 V[ i\ 2 Ins'* 

too 

17 ^ 

Ran siiiilirs 

lloiiih 

HOO 

IH 75 

Kail siiidiLS 

(>1111 1 MIS 0 "i hi 

IhOO 

0 \h 

* 1 eeil mas Ix’ 

seniitimtiininns ni 

imiliniitms 

Withdiawal laii 


Ik |jcii(idii 


AI KA I JIIN VIII I Mi 
f-l-il) IMIKIinN Mil L MI 
I f-MlINI. FKIM till Kt 


>liiilL>r vnlijiiii* nil.isiiii*fl I Ins puiteiliiir is irpiMtiil iiiiiil ilir sliiil^i* \iiliiiiu 
has si.ibili/i'il III IS nil 1 iMsiii)r (ir)iisiili 1 ahlr 2.') I Im tei'rliii{i pi nirclui r) Sludge 
hiiiUliip IS aiif>iii|)lisliril In iiiiieasing]; llie leetl i.iu aitei ihe peiuid iil sliirigc 
auliiiiaii/atiun When suiluiiiU quaniilies ot sludge iia\e him ptuilinrd, lalc 
studies I an idiiiiiumill' 

Kate siiidies tan Ih* iii.idi ai sliulgt Miliiiiies ol appio\iiiialel\ 201) iiil/l Data 
suili as 1)01), IC)(., (A)l), fill, teinpeiatuie, and total dissolved solids ate tun 
on the law waste and on llir supeinalaiit lioni settling tests lliese te^ls ate 
1 Liii till 1 2 weeks at loiistani leecl lates to estiililish the iligiee ol leiiioval at 
vaiious di-ieiition fieiUMls 

A ti'st ol this kind with long detention nines snnidales an extended aeialion 



Rguro 23.6 Lquipniem ini beiuli stale bioliigiLal tieaiment 
stiiHv. 





svstein uilli ,iii e\lrL'iiic‘i\ lim //!/ ratio \s siuli, it piodiices BOD ii'diufions 
that Jit‘ tcrprodufihic on a plan! sialr oiilv uiili an extriiik'rl arrarion s>sIlmii 
Thi’ U'si, in rflt'Ci, indiialt's rlu* niaxinuiiii hiodi'^iadahilil\ ili.il lari hr ailiiL'\rd 
ami ihr iiiiiiimuin BOD lex els ihal lan be reaclird 

At the LomlLision oi liie lest, thi inived litjuin in iIk iniiihalni should he 
exaiiiiiied to establish the sludge miIiiiiii iiiilex (ihe Mnhhn.in Index) Ihisinihx 
IS tall iilaled as Irdlnws 


S\ I - ' A 11)01) 

when ( f —settled xohiiiu (liidioll lom test) nihl 
( niixerl liijuoi siisptiided sidirls iiii* I 

I lit 1 elm t, 

S\ 1 nil iiii; 11)01) nil i> 

All SV 1 IkIow 100 iniphrs that llii sliirli>t will settle and imnp.ui will II tlu 
S^ I ixieefls about liOO seihiiieni adinii is sluw and ihtiiinal (oaL;ulaiinn .iiid 
Him (Illation will piohahlx hi i(i|iiiiirl in ihi hii.il tlaiiliii 

Aiiolliii measuii i>l ilu ]mi1i>iiikiiui nl <i hirtloiru .d iiii>i sti i is llit shidiit 
ii^e, whiili IS lahulatiil lIs billows 

Sludi;t a>;i - ' I) 

when ( M ~ solids in .leiaiinn basin nl^/l 
(, solids (ni(iini> basin, nu;H 
/) detintioii. 111 rlaxs 

hoi example, d f s ‘1000 iii^/l, T , - 100 ni^/l, and D 0')daxs,S\ U) >'0 "i- 
13 da\s 

1 he'll IS no best xaliie lot arix ^ixen piocess, hut iheie is loi eai li indixidual 
plant and this must Ik* rkieimined hx i'x|N'iieii(r 

A pilot plant must then lie design'd to Heat this waste aiul exaluate the 
niimeious i miihinalinns ol units that laii he put io)>ellu'i loi ,i t oniplele hio- 
lo^ual digestion sxsirin I lie fnlloxxiiii’ laiiois must hi loiisideied in ilioosiii^ 
helvxcrn die s\slems axadahle, and some (hones ni.ix lie r|iii( klx disiaideil 
xxithoui iiial 111 exahialioii heiause iliex (hint meet the needs ol lIu* pl.iiii 

1 h If hie lit hiniialiiiiis I lieseaie Lsiahlisliid hv ihe h PA iiiiiki tin NPDKS 
(Naiidiial Polhinon Disihai^e hlitmnalion Sxstem) pio^iaiii Does the liiial 
BOD achieved hx the test meet the reiiiiiiements'^ 

2 Keliahditx I his is also eslahlishecl hx the \PDhS peimii, xslmli spells 
out permissible de\iatirins limn axeia^e peiloiniatue and the Hiiialion ol sudi 
exiuisions 

(dimatiL Loiidilioiis Some svstems max he lejiiled lieiause ol lailiiie to 
IMTitonn m siih/eto weaihei, m heiaiise of luiiioxei of the basin with hl^l 1 
prexadmp; xvmds 

i. Loiation ol residential areas and neighboiing industries' This tan lie 
paitKiilailx sif^nifuaiii xviih odoi-healing wastes 

3 Axailabdilx ul land lot lagooiiing oi land appluation ol liipjid waste oi 
sludge. 

6 Spate available lor tie.itnient units 

7 Lneigv leqmied and available foi pumping, aeiation, sludge lolleilioii, 
and sludge disposal. 

K. Kquipmcnl losLs and opeialing costs 

9 Manpowc'i Ini opeialioii. 



nrlfjic r ruisidc 1111^^ wliiili (if I hi IikiJoi^k iJ s^srims in i\ In In si suite rl loi 
ilu Uiisrt In be |i]nccssfrl ir is im|)i)tiaiil ifitidJujli iJic. pie ii c iiinr nr sii ps rhai 
riii||ihl iLiluiL llu loiiil 1)11 llu hinld^iial svsitin .iiid siinplil\ irs opeidunii 
J\piLal piLliLdtnic.111 steps iiicIiiHl tLmi)\.iJ si it tiling iiiiJ iniitKiM 

St rlinu 111 ilirni If ihi suspciulid solids i oik t iili iiion is iLJdliith liu^ Ik lois a 
1.111^1 of ^lO 100 int*/l pii lit ilmi 111 in i\ Ik uniutLSsiiv anil ihi u isu iiiav 
i>o diiiiih to Mil bjulof^iial di^Lslti 

AERATED SYSTEMS 

B\ In Mil 1 11 ^t SI luinilu I ol biolo^rnal s\sU ins (all iiiio llu t lU i>oi\ ol jLiobii 
di^tsltis ilL|uiiilin^ on ui itinn to suppoil o\v]i;cn consu 1111111^ bulciia 11 
iinplt I mil IS i\ 111 iblt m ili lU d I it>ooii (I i^iii t J Wj inai lx tin inusi pi iilii il 
iiiLubitoi Lisualb hiMii^ i dLlLiilioii iiiiiL ol ibout iO liOrli^s 

\( 1 ilinn bisiiis ik l\pii ill\ dtsif^iicd loi 1 iliUiiLioii ol IJ 4 H liouis so iht 
J/M 1 ilio IS r|iiiiL low llu uiilirin diMits iil iisii dh rapabli id diliMim^ 
ibniil ^ II) ol o\\^(n pii lioiii pt i hoistpouti applit d (I 8 kii/kuhi) VVhcie 
sijifut U11I01S lit iisid llu s\siLiii opLialLs is 1 lonipltub mixLii basin and 
niainlaiiiiii|^ solids m sus|x iision iiia\ it (piirt as innt h as 100 Ii()isl|X)i\li {I’S kis) 
pt I 1111II1011 ^allolls 1)1 \oluiiH ( 17 S 0 III*) \ inoililiiatinn ol iht atialioii basin is 
iht ovidatioii dilch 

ACTIVATED SLUDGE PROCESS 

llu ir ii\ III rl sliidiii s> su ill IS null 1 ) 11)011 iDiiiptil opiiilts ii i iiiiii li lii^lu 1 
loidnu; (//\/ laiio) mil laimoi piodiui t|iiilt is tlluiinl iliIluIioii ol ()ii>iiii( 
III lilt I IS llu It 1 lit rl 1 11,0011 Sliid^L pi odut lion IS si^nifii mtlv ^1 ( 111 I 1 liis is 
Mu s\suni Ispii ills used 111 lii|i>(i nuinuipil st w i^t |)1 mis wliciL it opLiaus 
silliLSslnlls mull I 1 \Milt 1 mi<L ol iliin itii toiirliuons \ii is iisii ills supplitd 
Mil oiifrii siibsui lai t dilhistrs In soiiii plants pun ow^in is supplied instead of 
ill Imlhti It rliuiii/{ Mu voliiinc iil the iniubaim 

Slud)ir( piodiulmn is m iiiipoiimi isptti ol Mu bioloj^nal dii;islion pioitss 
Ki ft 11 mil In I it>ui L J M m t hifib 1 tit ui itinn sxsli m wlit 11 llu 1 l is so iiiui h 
loud ill il Mu b uti I la miiltipb t \poiu nti ills iiuiiholMit Inod ^ot s In pi orliii 



Figure 23.7 An uraltil fa(iiluii\t li|((mn loi lifainuiii of sewage Itoin itnmmuiiiti ol 
apptiiNimatLiy 'i 000 pcopli ((of Hmdt / ( nmpany ) 
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F/M, lb BOD removed/day per lb MLUbS 

Figure 23.B Sludge piiMluci'cl in niiiiiiii|Ml :icti- 
sluilf^e plants as iriHuciiirH bv h/M lalio {hHA 
Rr/Mtrf nUIO-ES(l-OSl7!, Au^ntKf. 1^7! ) 


tinii lU'w cells, so sludge (w)iirli is iiuide up almusi riitirid) id hiuiiiass) 
priiduc'tiun is hi^h. (ainverselv, when fund is siuiie. ihe liaLlciiii hrinine lan- 
iiibalislic and cell piudiirliiiii is Inw', sci sluclj'e prudiiiiiiiii iiia\ aitiuilh LC'asr 
as new' rrlls learh an ecjuilibnuiii with thuse tiiiisiimed. An estiiiialc* nl sludge 
procluciion c'an thus be made on the basis of FIM rritio (Fi^jre 23 .K). 

In the typical municipal sewage plant using ailivaied sludge, shown in Figure 
23.9, the waste is first (jassed through a grit chambei anil then clarified in a 
primary sedimeiiiatinn basin, wdiere the BOD may be lednred l)\ dO'f anrl 
the suspended solids by about 50^7. I1ie sludge in ihc^ primary rhiriliers may 
settle to a dciisily in the tange iiJ d-O'yf. The oveiflow lium a prim.irv ilarilier 
enters the aeration basin, w^here it inav remain iinrlcr aeralioii lor h 8 hours. 
The mixed liijnor susprnderl solids level is typically in the range oi ^.^lOO-dOOO 
ing/1. The liipior iriim the aeration ba.sin.s then Hows to a tiiial Llarilier, where 
the biological sludge is settled, and the overHow is disinlectcd lor ilisrharge to 
the receiving stream. Tlie biologual solids in the secondary clariiiei, being vci) 
light, HcKTuleni colonies, often mpiire chemical treaiment lor Bornilation and 
sedimentation. The sludge in the secondary clarifier seldom lompac'ts to more 
than 1.5-2.0% solids. 

Using this example, assuming a BOD reduction in the secondary system of 
200 mg/1, H hour.s (0.33 day) detention and M1.SS of 3000 mg/1, the FIM ratio is 


200 

3000 


1.0 

0.33 


= 0.2 


Z-3hr 


4-B hr 


2-3 hr 

( Primory A 

, >1 

SS’ 1000-4000 mt/l 


/ Secondary^ Q 

clarifier j 


DO = 2 mg/l 


^ clorifier J ^ 

Primory j 

Sludge i 
016-8% 

j |Recycle 

iTw^« 

' Secondary 

J sludge 

Qt 0.5-1.5% 


r 

FIgurv 23.9 (Conventional activated sludge. 
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Al Mils lalio, iIk piiidiu Mini i)l sludge is uxpriU'd to he O') Ih/lb (0 3 kg/kg) 
BOD iL'ini>\rd, iM|iii\alLnii to 60 iiig/I (f igiiie 23 8) 

SiiifL iht hailnia in iJie sliidgi ait still aclisi, tliiv aic icluiiu'rl to |iuii thr 
|)iiin.it\ il.iiiliii (Hint III Liiiniiig lilt aei.ilinii hasin lilt* l^mc^ss pioihiLliiin iit 
sliidL>i wliiili was (alfiilaud lo Ih‘ OH ib/lb BOD irinostd. is drawn off loi 
liiiiliLi ptnirssiug. It iiia\ l)t‘ joiiu'd with llit priiiiai\ sliirigc oi dewatered 
sip.iiairK lin disposal 

Modiluatioiis id ilit basn svsic'm intlude r\teiifltd aLialinii, step aeialiiiii 
and Miiilad stabili/alirin 

Lii an extended aeiatioii plant (tigine 2H 10), ilie waste slieam is fed diiertlv 
M) the aeratifin liasiiis withnul piiman sedimenialion, with the balante nf the 
piiHess Ixing the same as the basu ssslcin 

Wjlli step aeiation (Figure 23 11), scLondais hiologital sliidgt is iiiti ndiited at 
till head ol the aiialion b.isiii, but tiu piiiiiars rlaidiii elffiii lit is intiodiucd 
111 pin nous at sexei.d positions along tht p.iili ihtnugh the aeialioii basin In 
this d( sign the delenlion is usually ledined in about 3-1 houis 
Conuui slabili/atinii (Figiiu 2H 12) is a linal modifualion id the actuated 
iludge pi III css, and hint lilt biologiLal solids aie mixed with tlu ilaiilied 
sewage fni a petiod id only 30-60 tniiiutcs, in whiili nine they atl as flotiulants 
loi leininal of susfx'nded and (ollnidal mallei and Ini adMiiptuin of soluble 
oig.inii m.ilMials 1 he tollecied sliidgt from the linal ilanhti is pioiesseil 
lliiinigh a sepaialc aciaiion basin in whiih the adsoibed and tntrapped solids 
aie then digested by the biomass 

TRICKLING FILTERS 

(iOmpeiing with the aitivated sludge pi mess and its modifiLalions is the bio- 
hlter or tritklmg hltci (Figure 23 13) 1 hough the tmkling filter does not pro¬ 
vide the high degicc id oigaiiic removal afforded bv the activated sludge pro- 
icss, It has advantages in space savings and in its ability to resist upsets Newer 



Flgura 23.11 Step aeratiiin 
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Figure 23.12 ( oiitiUl sl.ihiliy.iiiijii 


mndifudliDiis ril (he biofiltci intm ptiidle inLitiii^ disks (li^iiiL* 2 ) H) In 
LMlliei III ihesi dcsiirns, ,i ^cLilinnus hmlitj^iial mass Idiiiis i>ii (lu filii i siiiLiits, 
and (his mass fli^LSts (111 niganii iiuKtci in ua(ci ptissiiiL* n\ii ilu sinl.ut llusc 
iinKs dn iiij( ie(|UiiL an htMJiirJ (hat axailalde rii iJierii In naliiial xiniilalinn 
Whc 1 e (lie oi^aniL i niii c nil adoiis ai i hi^h, llu iniuf iiiialiori .duarl id (hi (im 
xeiiliDiiid liiLkliii^ fillLi IS 1 erlui eil In u (\ihii^ a |)r>iiif)ii rd ilu hiDlillei i lllui iii 
111 tliL iilaiii cllluein \ \.nui\ id Mlumes att axailahlr. as shnuii In liuiiit 
23 l^) 


Ilu disk-rvpt hheis dll ncji ie(|unt ilnsifisth silunu II Inadiii^s .iti hi^h 
rhsks tail bt opiiatLd in seiiis, sri ilu iijj;anu is iLihnt'd in luii ni (liiee sl.i}>is 
lilt disk hlieis au iisuallx housed in iniiiinii/( LViipniaini innlinii and niain 
(am as lasniahh an npeiaiing uiiipeiaditL as piissilili 

Iheie IS a inniiniial sliiiighin^ id iirgainr deliiis Irrnn (In suilau nl iht Inn 
fdici leijuning final ilaidnaluin nl tlu nasleuaiei elllutnl Ini disih.n^i in a 
1 L'LLix 111^ sti tain 1 Ins usiialh amniiiKs in (I I—(I Mhsnlidspii lli KOI) 11 inin c li 
m a inuiiiiipal stnaf^t sxslcni llaiiiUini; indusinal wasics, sIiiiIl;! pinrhulinii 
nia\ ht as hl^h as 0 l-(l "y Ih/lh IVOl) itiiuned d ilu \xasli is hii»h iii laihii 
hxdiaies, .mil as lin\ as 0 ()‘’i 0 1 Ih/lh iU)l) uinintd il ilu nii^aniis ati vnlahli 
atirls III ahnhnls 



Figure 23.13 lainsiiiuUun drlails id a tiickliii^ liltei shiiwin{> idUm rlisiiibuiiir, 
iiiirlcidiain, iiuk fill, and piuvisimi fni an veiililatinn (Ctyurtfsy uf hMi Lorftoraiwn ) 




Figure 23.14 In tins I l) iiiL*rl si m .iMin ni pl.im Ijinlo^iial im aiiiii iii 
iiiki s 1)11 ill! SI asstitililiL s 1)1 disks iiiDiiiili il III hijsins iliiDiifiji uliiili 

|iiiliL.ilLd SI waf^i. IS flf)uiii|r \ ijriowiJi i)J 1)11 )lr)|>ii al l>l 1 di m liips on iJit 
iniiliii^ disks |lll)Mlllll^ iht nil I liariisni lin di^isiion iif ui^.iiin \s,isles 
f ttf tiifuftnl ( iitf/omtioH ) 

ANAEROBIC DIGESTION 

Xn.iiifilni [ 11 1)1 ( SSLS .lu sniiiriiines tisi il liii IniiliK i dik inil ali il m I’.iini u.isirs 
1 liL l\Mi ilrsit'iis ninsl pi iiiniiii iilh used dirilii .in.iniihji iiirl llii lIiislmI 

dll*L Sll I 

111 llu tiiiaei nhif l.itJf)i)ii, wastes siinpls iiiiti llu dii;isiif)ii liasiii williDiil 
adrliliiiii ()1 an and ihi* n\> ^eii i mill ill is quii kl\ di plrli il, UMdin^ in lei inenta- 
111)11 Vii\ i niiiiiiniih, A ihiik Miisi iinnis mi llu lai;min pi l*s t iiiiinr i»\idatimi 
and In snine iMiiil imiiiiini^ llu iidninus ^asi s [iindiiiiil 1 )\ aiiaiinliu detmii- 
[insiiimi 111 the aiMi i nhu la^min, t aibmiai emis mail i lal is tnnx ei leil id ni ^anu 
ill ids and all nlinls, aiirl lali i in melliaiit J lu pi nii mat eniis iiiattii.il is imi- 
Miud In aiiimnnia, and sidlaK's in llu walei ai e nllim lediiitrl in sullides, llie 
])iiiiiipal smiiie iil mini linni llu s\siein In j)iniessiiu> liuil m xe^reiahle 
iaiinin[; waslis, the It imeiilalimi ina\ mini so ia[)idl\ ili.ii ihe hasin dues nnl 
(iiisl luei luiause ihe snlitls ait jiiistnieil ii niii afr^^lniiiei h\ die i llei- 

M*sielite nl the [t.is [u minted 

Xnatinhii [|i|iesiiiin is [reiieialh slnwei than .leinhit, and a l\piial Innil pin- 
ussin^j waste iiia> iei|iiiiL an .in.ieinhii laii^nnii with .1 deieiuimi nf as inuili as 
'hldavslni elfcLtn LMjpetalinii Fm ihe iiinsi pait, huwe\ei, die anaet nhu la^^nnn 
has been limited 111 .iiiepianie betause nl the |U)leiilial Ini emissinii nt sulhde 
urlni s 

Ihe anaeinbii di^restei is wideh used m nmniiipal sewa^^c planis hi stabilize 
the aiiLiimilalcd waste binli)[pial solids 1 hese mn\ be Healed sepaialelv nr 
mixed Willi ptimat> slud[;e, depc‘mhn[> nii the \nl.ililt imileiii ni die sludge A 
t\[iiLal digestei (Figure 16 ) can prniess thest* snlids to sield a stabilized 
dewateiable slud|je at abmii VA snlids wilh aiieptable ndm Ihe anaeinbii 
digestinn pimliues 70 Vr meLliane g.is that is inlleired and binned In pinMile 
heat In the digeslei In maiiuaiii its tenipeialiii e al .ibniii ' 10 -!)d°F 
I he digestei is msulaled sn that this teiiipeiatuie ran be iiiaiiilamed Inr elhcieiu 
biningiial aLtivii\ dm mg die digrstinii period nl (bus 1 he ammniiia and 

(X)2 pindiued duiing digeslinii >ield amniniiiuin biiaibniiale m a snlution, 
pindiiimg a supernalaiu iiorn the digester with an alkaliiiirv 111 the lange ut 
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Gas to sludge healer 



Figure 23.16 Anamiliii di^t^suis hi siiils \iilJi f^as iisril h> IiliH lir*il 

Sl.l^l tanks .11 L lIlSIll.lUll 1)\ f.lltiRli iMlkllll 


Mitt 1’)()() 111^/1 tills siipi'i 11.11.nit IS iisii.ill\ pnioLlic.ill\ wiiliiliawii .nut IltI Id 
iIk ari.itiiHi Imsiiis 


OTHER PROCESSES 

OlIki nirlhoils i>l liiolo^ital fli|TL^siii>n iiiihidr iaiultatiM* la^onns, laiiil iiii^a- 
tiDii, anil cDuliii^ inwci ilif’fstinn In llir laiultalnn la^Don. iisualU Llesigiu'ii 
willi a icMniuioii liiiu in i*\< I'ss nl *)() ila\s. anaci i>t>ir rliL>L'snnn ikiliis in the 
s( tilled slud|r[' anil aninhii rli^t*siit>n oiiiiis in tin* sintaLL* ualn 1 he 

l.i^nnn iii.i\ lie 'i-lO feel (1 i ^0 m) deep I hi utllLieiil i]ualil\ is siib|eii lo 
upsets in violi'iii weathei (niulilinns and In die develnpiTieiit nl ali>.il hlnnins in 
lilt sunniiei the al^ae plav a piniiinuiit inle in aeiobii dnrestinii, but thev 
pieseni dilljiiill^ in die pi niliu linn nl a citai ineifinw finni die la^nnii 

With land nn^atinn, ilir soil liaiteiia bet nine die .iitne a^eiils in die di^es- 
linn nl die ni ^anii mallei d llns is a spi a\-ii i it'alioii l\pe nl applnatinn Liquid 
wastes have been siniesslulh rlispnsed nl iii llns lashinii on bnih Iniesl and 
Mcip lands, and tin use nl waslewalei Ini iiii};.iiinn will pla\ a piniiiiiiLiil inle 
in the liiiine (Figiiie 17) 



Figure 23.17 healed waslewaiei iiia\ in'used Ini iiii^aiiiiii il il is liei* of 
heaw iiieials di.ii iiiiplil lOiuenliatL inliMidiu»ps Ril1|ic. anil luiinw iiii|;a- 
1 11 ) 11 , shnwii lieie, is tDiiiiiiDii and lelaliveK iiiexpeiisne (I itm / /M l^ublna- 
htin 5012, ' LtivitminifUtnl Putiuhttn ( »nfrul AilnnfUwfs^Mvnitipal Wn\tp- 
tvatet ”) 



Figure 23.18 Hilor |jLiiiI cksii^ni cl lui hiolii^ual ili^tMiiin siiiriii s nn hi 
wasiruatci al a plant sue 1 liis iiiiii lan ht ii|xTaieil in a \aiici\ i»f niiirks 
miliirlinf; exirncied aeiaLinn, sLcp aiiatuiii and Luiiiail suiluli/iUinn 


In Slime Jiifliisriial plants, uinlifi^ time is liasi hetii used as a kind oi iiim 
binaliriii hinldlei and acfivaled sludgi sssleiii Tins in|Uiies, ol icniisi, llit 
maintcnaiUL ni at Use binlngiral pii]>iilaii(ins in the iiMiliii^ tnutr, and llu ^(lal 
ul Ijifilofriial di^L'sliiiii iiia\ iirit aluass bt cmisisieiil uitli thi ferial id iiiainlainiiijj 
clean heal liaiisfei i‘r|uipnuiit in the plant pi mess aieas uheit the tf inline 
\salei leasing ihe tnwei is used 

In desi^nin^ the biiilu^iial di^esliiin ssstem, riiiiL tin* beiuh si tidies base been 
ciiinpleted and ihe desif^nei has resirwed tin oplinns iipen liii hjidn^nal 
lieaiinenl, a pilot plant must be set up Ui obtain the final design iiileiia foi 
an\ ^iven vsaslewalei tieatment piiiblein Iheie aie niinieiiiiis haiidlHHiks 
piuvidin|;> iiiles of ihiimb that base been used in the (ifist ioi design id biidiifrical 
ircaiment s>slems, but iidiil ol ibesc lan be lelied on withoiil pilot plant 
expeiience to detctmine the de^iadabililv id ihe ot^anii inaleiials in Ihi uasle- 
water unclei simulaled plant (onditions A t>pifal activated sludge pilot plant 
set up to insesti^atL an mdustiial wastewalei pioblem is shown in I igiiie 2‘i IH, 
Pilot plants such as these must be designed fm rriund-the-Lluck ofieiatioii and 
requite as careful attention foi then control as a full size wastewatei tieatment 
plant Ihe investment in pilot plant facilities and inaiifKiwer is paid for in the 
efhcienrv and reliabihls oi the final plant 


Chapter 24 

Aluminum Industry 


\Jiiiiiiiiiirii iiiciiiiiltUiiiiI* has 1(1111 rlisliiul phases ol proiliiilioti Iniiii me iii 
hiiished piiKliiils ininiii^, fi.iiiMle lefiiiiiii*, ii dm lion, .mil lain n aiiuii Viiolhci 
(ale^r>1^ is siinndan piodiulioii In iiidi peiideiil si lap ieii)\in plains, lull ihis 
IS similar lo in men opeialiriiis in ihr iLiiiell seirioii ol ihe l.ilnualiiiii plant 

MINING 

DaiiMle IS lh( me iiseil in ihe pt odiiition nt aliimmijin li is a iimtiiu ol aliiiin- 
niim oxide liih>di.ilr and nmiioliMliale, uilh non oxides, .iliiiniiiiini siluales, 
anil lit.iniiiiii oxide inipin ities I heme iisnallv lonlams iioin "i to 2 ^»^ iiioisiLiie, 
whiili IS leiinnerl hoin impoiteil oies lo leiline shippiin; weight and iinpiine 
handlm|> In the I’ S iiiosl me is iiiipmterl, hul some \ikaiisas hauxiLe is also 
piiHLsseil Lowei ^lade aliiminiini ininetals, such as kaolin and i el use liniii 
loal piepaialimi, aie lieing investigaieil in a \.iiiet> ol leseaith piogranis al- 
templing in exliail ahiniina liom suili alleiiiiile souills 

OpLMi pit milling afiiiLinis Ini almost all bauxite piudiulioii 1 he meilnnden 
IS sliip|ied and the me leioseied hv diag lines .ind shovels I he me is then si/ed 
and sent lo the bauxite ]ilant wlieic il is slnied loi blending .ind latei use 

BAUXITE PROCESSING 

I o iilih/e the ahimniuni values in eitheT doinrstii oi iiiipoilerl oies, the aliinnna 
in these nimcials iiuist be ext tailed and punhed. This is done in alumina le- 
bneiies, wliiih pioduie a finished pinduil ol lalimed aliiniiiia, AliOi, neces- 
sai> for the eleiirohlir i eduction pi or ess vvhiih is used to proiliue piiman 
aluniimim metril 

Ol the lime basii alumina refineries operating in the LTnitcd Slates, two are 
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To boilers 



111 \ik(inscis iitili/ini' tliiiiiisiii htUiMii 1 ht otluis iisi iiits iinpiHiiil lir>iii 
Auslialii Jciin ill i \fiii i tinil niliii iit is 

In an npLifiiinn lalltil llu liaM i pniciss i nv hniMU is ili|i;tsliil n unipii i 
lurts as iiii>h as JT'i I (J’iirc ) and pussinis up id ’ll)!) psi (^"i ) l)\ 

Lausiii sDlutiDiis in sulrl a sliiiis innlaining sndiiiin aliiniinau (Ni\U) ) mil 
siispiriHrrl vvasU srdids i ilk rl i l il riiiiil \ piniLss flow sliiil is sliowii in lii;iiiL 
211 1 n illrm illiiiL nl iccDMn itirl ic iliii linn nl v\ isit llu i l il mini is sc itlc rl 
ni filliKil liniii llu clissnl>(.il lu|iini iisniji; naliii il iiirl s>niliiiji lint ml nils in 
piniliiK I ckai sndiiini aluminau sniiiiinii 

I ht lid nnirl iinm iht liisl si]Miatii>n sup is ii sliiiii(.d vulli wc ik lit|Lini in 
a waslniuj npLialinn In ixliiii iiinii nf llu aluiiiiiiiini aiirl alkali saluis llu 
ninst cnmmnii piiilirr usls i Loiiliniir>iis i nuiiU i c in 11 ni rli i tiiilalinii (((!)) 
ail antrt mi III i\illi as man\ as slxlii washing slajiTts lii itrrivn almnsl ill si^ 
mill ant <diimina and alkali x alius llu iid mud vxasu is lin illx disili iijirid in 
a lai mud laki (lailiiifis pond) 

AltLi Idlialinii llu pii^nani lir|uni tiili in sniluim aluminaU is innliil 
lhiiiLi| 4 li lual LXilian|L,uis in ahniil 120 1 d) 1 CiO-hO ( ) piini in liiIi> iiitn 
piCLipilalinn tanks lieu siid tixslals nJ piixiniislx pitiipilalid .ilumma 
liihvdialt ai (. addtd and lilt tanks a^itati d Ini i il iv ni ihu 1 Ins Iix rli nlv/ts llu 
alummatL in xii Irl alutnina iiiliMlialc (alumiiiiim 1i\di nxitk) vxhii li nxxs nii tlu 
sc id maUiial 1 Ins piiKLSS is alinxvc d tn Liinliiiui imtil abniil hall nl llu iliimin.i 
values aiL cnn\itied hutllui put ipiiatimi iiia> it suit m lxlissim dtnpnul nl 
impuiitus siiili as silica llu alumina liili\iliau sluttv is iluii suit In rlassiliia 
tinii and ihukLiiin^ tanks in stpaiati tlu ttilndiau Itnrn ihc sptiil lic|iini I lit 
Inhytliate is filtciLcl and calinud in pioduie aiihvdinus aliiiiiina I nlliminf> llu 
leninval nl iht inhydiatL iiysials, spLiil lic|iini is iniULiitiatid h\ txapnralnis 
and icturned in the beginning nf the iiiiiiit 
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Many Uses far Water 

W.Uri ciiu-is the pi (xess stiejiii pninaiilv as sleani oi iixulensale \ small 
amDUiil nt ualei nia\ be inn iirliueil as piiiilieil makeup in piepaie pi in ess 
le.i^enls such as Non iil.iiils r»i clcMiiin^ snlulinns Sinim walei and waste sui- 
laieuaiei irias eiilei the pi ni ess as letiit ii watei h nm the miicl lake Nnmnniail 
innlinir v\alei is useil fin e(|nipnunl cnnlini', and finished afuniiiia |)i(idnft cnnl- 
ini) tins w.iui in.i\ he fnnii an outside snuite in finiii the mud lake leseixoii 
(set I it>ni e 2 1 2 ) 

Oiue m the pi in ess slieam, walet is iisi rl a^am and af^aiii as a soixent, to 
hiinspoit htal oi shiiix, inxx.ish .ix\a\ impunties, incieaie xaiuuin, ti> ^imeiate 
tleiiiiiilx, anil in piep.ue ihimnal makeup snlulinns 

\ iiia|ni input nl siiaiii minis iinm the [h^eslinn tanks whiii the alumina 
Xiihies .lu dissnlxeil linm the me \s piessuii is leliexerl in flash tanks, the 
Inwei piessine ste.im is hhei.iterl with its heating pnlential 1 his is used In heal 
till '«pi III lii|um hiloieil inmsihi fiesh hauxiie m tin di^esiei, ihei ehv lelXLhn^ 
lual in .1 (Insid loop ()thii usi s fni die steam lintii llu di^tslei flash tanks aie 
in ih< exapmaims imueniialmi' the spiiil ln|ui)i 

\Nash w.iui siuams x.nx m inmpnsiiinn depenrlm^ on the pinduil puiit\ 
iii|unid ( Diiileiisate is iiserl in wash die pieiipitale on llu inhxdiiile Idlers to 
iiiiinxi 1 esirlual mipiiiilK s Mils wash xx.iti i ni olliei i ninleiis.iie m.ix Im' used lo 
wash the dm ki ni d tiihxfhalL lielrne ^01111; in fillialirm dew.ill im^ Fvtess mii- 
ilens.ile hixniid that leqiiind 111 suam ^Lneialion m.ix In used m final led mud 
w.ishmi< .ilniiLi wilh mud Like 11 linn wain 

Mini laki uiiiiii w.itei innsisisol oMilInxx linm ^laxilx dm kenm^ir ,is well as 
St mm waiLt iiilinxxs Mie ainnuni xaiics depending nn Inial Lniuiitions 1 he 
xxalM triniiiins a low i niueiiliaimn nl alumina and laiislit xahies linm mud 
leaihmg I his pi meeds in llu last mud dntkenii wheie il Wiishes mud uiidei- 
flow hmii the |n ex inns (hukemi liuie.ised m alumina and laustii innteni, il 
[Hills the mud linm the scionil piexiniis w.isliiiig, anil sn nn llnoiigli tlu iiuuil 
\s It |jingiesses up ihtnugh the wash Ham, the alumma and laiisiii xahies in- 
Liuise 1011 es|)niidingl\ Fmall> it |nms the paitiallx cnulerl liigesici disihaige 
wheie the final nn tease 111 alumina lontciil is achiexeil I his (oiiiileu uiiciil lie- 
tanlalimi pi mess is designed in pimicle einnnnmal leioxeix of as miuh alumina 
ami alkali as pnssifde 
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111 addition In its \i\t as an eflectnc* siilvt^iu, ihu Wiiiei sc-i\es in Lianslci solids 
from unit to unit within ihr piinrss tins iimIuiIl's not oiil) ihc b.iuxue sluiiy. 
but ilie iiib^diciti' iiiid iht' letl mud as well li alsu piuMili's a iiiL'dium loi Avrl 
^inidin^ ol llic bauxilr nir lo llie piopci ])ailu1(‘ si/t bii digestion I be use ol 
uatei as a means ol contait looIiii^ ol tbe o\eiliead vapnis and baioineliic iiiii- 
iletiseis allows both ihe exiiaitinn ol needed loiidensaU walei and also ibe 
loncenti dtion of proiess siiearns Watei use in these haioineliic (ondenseis 
niav leaih 5000-10,001) ^allons |hm ton ol prodinl (20-10 mVi) 

Due to pi Ol ess eionomiis, ibebiilkol tlu iiiiii pimess loiiiai l cflliiMil sli earns 
licionie inleinieiliate leed stiearns to the othci iiinis, as dcsiiibed Non lontail 
stieanis lepiesent a loss ol hi at lathei than ihiMiinal \alues I best heal \alues 
aie leLoseiLci wli(.ie\(.i piaitiial F\en though no sigiiiluani disih.nges tiit 
planned, walei ma\ be lost horn aii\ ol llu lollowing pioduilion anas 

1 Diving and (aldruin; 

2 Red mud (evapoiation and set pagt Itom lakes oi loni.iiiuil as p.nt oi 
them-plaii nuirl lontent) 

S ivapoiation ol lii|iini stiiMiiis 

1 Sand ilisposal 

1 1*vapoiation of wasliiluwii watii stieanis 

iht Lomplele watei usi stlunie, irnlulling tlu havit rioiiss Liniiit is shown 
in 1 igure 2-1 2 


ALUMINUM REDUCTION 

Aluminum is ihe most lomnion itieiallu Llemeiil in ilii Laithsiiiisi, i onipiisnig 
about 7 V/( expiLssed in tin eUinintal lotm ni aboiil 15'r in llu loinmniih 
oLiuiung oxiili loi 111 , I nliki non tin inxl inosl loiiimon «lenu nl 

aluminum was unknown to iIil aiicients aiirl it was unl\ a (eniiiiv ago that llu 
nutal became avtiilabit in (omiiu'iiial iiuantitv 

\s indiiaUd b> its position m llu I liilii)iiiiiii\ i Sc iit s, aluminum l^ .i 11 ai li\ l 
riielal Recaiise ol tins, lediulioii ol aluniiiuiin oxirli bv laiboii m a liiinan, .i 
piiKCSs which easilv pioduies non hinii its oie is uiisinci sslul biLaiisi tin 
aluiniiium iiielal pioiliued is vapor i/iil and r|iiukl\ i elm ns to llu oxidi loim 
when the leactioii is iiviistd on roolmg Sen cess in ]nodiiiing aliiininiim lioni 
the oxide was finallv .iilmvtd in 18 H 0 bv tlu doiovtiv ol a uiinpu tlcilioclumi 
Lai pi Ol ess llu pi mess was disc oven d snimhain misK bv Mall in llu I S and 
Meroulr in tiance 

Almnina pioduied hv tlu Haver pi mess piiviouslv desiiibed is dissolved in 
a molten bath composed c hiellv ol t i)olitr ( ^ NaF All i), to whicb is added Hum 
spai ((iaFj) and alumiinim HuoiidefMI d Ihe molten mixiuii is piepaicd in 
an eleLtiolvtu cell, called a pot, illiisii.itcd b) Iiguie 21 "1 A senes ol i.iibon 
anodes j>ro]eii into the b.illi from abovL, and the aniorpbiius i.iibon |>ol lining, 
wrilh metal cijlleitoi hais embediled in it, serves as calliode Ihe pot hiiiiig is 
encased m iiisiilatinn and lehailoiv biiik sunoiiiided bv an outei sieel shell 
The exact leai lions in the cell aie not lornplelelv undeistcNul, but ibt mipmiaiit 
icsult IS a rediiitioii ol tbe aluminum oxide b) carbon, ac cm ding lo the lollowiiig 
reactions 

ai,03 4 :«.-^2Ai 4 ;u c)T (i) 

2AI,0, H 3C-^4AI 4- SLOj (2) 

The nxiclalicm occurring at the anode produce's a mixtuie of about 25Yt CX) 
diul 75% COj. and tins exiting gas mixture carries with it ceitain volatile (luoiicle 
Liimpouncls, Carbon is Lonsumed at the tale of about 0 5 Ib/lb ol aluminum 
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Figure 24.3 \ pniliiM iii iii iluiiiiniiiii t e dm iinn pi ml limits lu uiihch.iun limn i jlIi 

I (II ind iklixi I III lo I SI 1 iilihf I I 11 sli aiimli s ii i in tin i uk .ii tin iii>hi 1 lii 11 im iinni s 
iliL I ippiiii; ill Mil iinl fiiiiihli liinii nil to fill f( kfn\ft liummum rjnfl ( funufat 

ft//# nfi/fttn j 


piinliULil Vliiiiiiiiiiiii IS inndiiiirl h\ iirliiiiiiin at tin ittihoili tiiiil .i |>rM)l oJ 
tluiniiittiii iiiti.il iiilliiis nil llii hnlirMii nt ilu ull 1 In p.issa^t til lunenl 
lliiinii#li ihi If II iiLiRitilis sulhiiiiil lit II 111 klip ilu Inilli iiinlii ii .tnil .ii .i 
liniptiattiii 1)1 abmil 11^)0 1710 1 (001) 0)0 0 

Frequent Feeding Necessary 

I lit 111 at IS iiinl.iiiud l)> (lit iiisiilalioii of (lit pix lining nialiiial plus a tiiisl 
whifli luinis on ilu siitlait iil ilu halli \lihoiigli aliiinnuiiii oxidr is ilu basic 
ia\s maltiial, ii makes up less (ban H'f ul the bath aiiil iiuisi bt LoiiLiiumusb 
arltlt il \ suppb ol .iluiiuiia is maiiilami cl on tlu inisl wliiir il luals anil ilt- 
livrliads Ilu niisi is biokm pLiirulnalb aiul soiiii of (lu aluiiiina is sliireil 
111 to tfpltiiisli what h.is bcin (uiisumcil b\ ilu lerluilion pioitss 

Mold 11 alunittuim is pitiodiiallv witliiliawn (tappril) lioin (lit pot and lasI 
iiiin pi^s 1)1 111(0 an> ol \aiious Cspts ol in^ois 1 he usual povsii lonsuniplion 
foi aluiiiinuin iirIulUuii js m (lit lan^i of K 10 k\\ liidb (t kU hi/k^) of 
aluininum piodiitt'il, so that a }iot liiu ol ptiliaps 200—1’4() iflls pioilutin^ 
aboiK 100,000 tons/vcMi of aliiiiiiiiiini would liavi a powci ie(|uii t^niLMit of about 
2')0 ine^awads Ht'tausr of tins bij^b ihulTiial powei i equiii-iiiL'iil, aluniinuin 
Kiliution plants ait* iisiialb UkalL'd ncai low i osl souiil's ol powei l>picall> 
(best' plants usl b\di tuIcctiii powi*i oi ba\r tontiailpd witb iipaihv iitilil\ sia- 
lions lot .1 si^inluanl block of ibpii plptliiial inilput Heiausc diipit luireni is 
lupdpd fill i-ltiliol\lit tplls, a substantial nuc^slinc'nl is ipi|uiipd loi dec dual 
laiilitiLS lo ionv(I( ibe altpinaliii|j tiinnil asailable fioni public utililips lo duett 
Luii eiii 

Reiausc oi ibe bi^b lonsumptioii of latbon t let ti odes, laib plant bas its own 
facilities lot produiing these fioiii imxliiies ol pedoleum coke and pilib Rather 
txtensise faiilities are lequiied lot malciials baiiclliiiK and pioLcssing of the 
eleitiodc-s A How sheet ol an aluminum rediiitioii plant and an electi ode 
pKKessing plant aic shown in Pij^iiie 24 I 



FIgura 24.4 f liiwshill 1)1 jluniiiiiim uiiinrion pliiit anil iliLliDrli pimissiiiir pi ml 


Exhauil Gasei 

In the icdiiclioii pinress as iiiHualert b\ ihe Lhemiial ii|uaiii)n shown L.nlier 
ihe Lonsumpiioii nt the laiboii eleinodes prodiiies a niixliiii ot laibon 
monoxide and cat bon dioxide I lusc gases leave ihc icll and laii) wiih Lheni Let 
tain volatile components from the bath including fluoiidr cnnipounds Paitnu 
lates from the siiiface of the pot an also tiitraiiied with the escaping gases lo 
iontiol air einissions, there aie hoods posiiinned ovei taih tell and sue non is 
applied to collect the gases Ihe gases aie louied thiough wet snubbers to le- 
move boLli gaseous and particulate maleiials Since the Huoiide content ol the 
gas stieani is valuable, the scrubbing watei is often lot tilled with reactive cheni- 
iials, such as sodium alununate, to piodiice vanniis niixtuies of sodium and 
aluminum fluoiides which can be letuined lo the bath alter eonrentiation and 
drying 

tor an emission rontiol in the elec node piocessing plant wet snubbers aie 
sometimes used, and the snubber watc*i becomes a siginfuaiil pari ol the total 
waste ticatmenl load But it is more lotninoii Lo lonliol these emissions with 
dry i ollcf toi s 

following the ledurticin of aluminum in the pot line, the metal is cast eithei 
by a continuous casting piixess or by loiiventioiial tasting inlo molds on a cast¬ 
ing flooi In continuous casting units, water is used for mold cooling 1 he re- 










Aluminum Induatiy 3^7 

tjuiit^mrnls Ini hij^li qualil\ uatci aie iiuiih inoif Inr ihr (rintiniinuK 

lasiiiig-iipL-raUnii than fni cniivriiLiriiiaJ ifNiliii^ npt^iatjoiis JJir iniiJin^ watei 
ina^ Ik* i reJaiiiierl run t'\aprii.iinr ciMiiiiijir fimris, ariri tJit* svsiniis t.iii Iw rinii- 
hk^snmr beiaiisi* the uatei often LOiitains oih iiiolrl-ieJease agents 1 he inateiials 
piuMtic liKKi loi niKinhes, making il ilifliiuh to keep the uiohii|^ s\sieiii liee n! 
s\une ani\ oihei iniiiobiaV masses 

Allei tasting, the ingots aie inolecl b\ aiT ni h\ walei spia\, anil in some eases 
the s\sieiii IS rlesijiiiefl In jiioihiie a vei\ line sjna^ so th.it the uatii is i\apn- 
i.ilirl Loinpleleh In ilr\iiess .iricl h .i\ es no trsiiliia] vvastiuaiLi in I>l ileah isiih 
111 a II ( .If mem s\ siein If .111 exit ss n( u.ilei is r rf|iiir 1 il, ii i\ iJJ i on lam siispemJeil 
soliils timl oik ami will leipiiie liiMtnient fm ilisposal i\ii loolinji. eithei alone 
01 uiinhiiiefl uiih a ualer spia\, v\ill unrlniiliterlh fiml iiiileasing use .is a wa\ 
III mimnii/in^ Utislewalei ilisihalite 

llieie aie \tUi«iiis otliei (onliiiii walei applii.itiiiiis 111 the fLtliiiliiin plant 
I hi SI nil huh waiei loi loolin^ li^iliaiihi oil, ^uen annrles, anil 1 nnipi essoi s 
I Ik pl.iiii leieixes ehiliiial pouei fimii a iilmiIu iilihlx ai hi^li \ oltajjre wliiih 
1111 isi hi* leiliiieil I 111 oil i'll I ransloi iik*i s I he alteiiiatinir luiienl al lerl uteri \i)ll- 
<Li*(. IS thin lonveiied li\ iiieiiuj\ an iiiliheis lo iliieii tuiient, which nia\ Ih* 
.IS lii^li as soil Mills, h.iseil on a loss of ahoiil 1 Mills al each pot. with the tells 
ol ihe piilliiu him^ tonnetieil in senes ( oolin^ walei is iei|Uiierl fni imii- 
poiieiils ol tin iiililiei Iheie is a liaiisioiinei anil leililiLi iiml Im eaili pot 
line ( ooliiiL* walei ma\ also In 1 eijiin eil Im llie 1 hloiine r onipi essms. wlmh aie 
used lo sLippIv ililijiine ^as Im ile^assiiifi niollen aluminum 

METAL FABRICATION 

1 111 .ihimiiumi iiii*ol is 1 omened lo a wide \aiul> ol liiims iiulinlm^ sheet, 
plait. siTiiiliiial sh.ipes. mils and nlliei hai stock, iiihes, win. and loil Siiiiil ol 
these laii he LXliiidetl In luainig the metal lo a leinpeialiii e al whiili 11 he- 
mines plastic, hiii ihe hulk ol pmtluclioii is done 111 ilu mllin^ null Since inilial 
mlhn|i is clone on hoi meial, die hni ingoi iiia\ he sent rlireiil\ loihe mlhii^ null, 
Inn It IS iiSLialh |i.jssed ihmii^h luinaies lo make ceilain thal die lempinaline is 
miilrn 111 ihmii^hoiil f oolm^walei is .ippherl .it the mils lo mainiam lln pmpei 
It m|)eialin e f01 lolhni; anti liihi 11 aiin^ oils (1 allerl 1 oiling oils) at l ollen appherl 
in ihe s\siem lo lai dilate mlhii^ and piesenl the developinenl ol sen late 1111- 
pi iletlions iidiriwisc caused h\ llie liiilion ol wmkni^ Lhi[um;h the mils Ihe 
I nil cnoliiiK walei is 1 ei 111 uLileil, ami ihe dehns 1 mm llic mllim; opeiaiioii set 
deil, \ulli l.icihlies also lieiii)i pioMclerl lo leilami the 1 oiling oil wheie\ei 
possilde 

In addition lo ihe moling walci used on the mils, walei mav also lie ie(|Uiieil 
loi moling Iiiniaie iliims and Im l\pital iililuies opei.iliniis siiih as inmpiessoi 
|tiikel cooling anil liiMiing tooling 

Sonic iabiicau tl shapes nia\ he hnisherl h\ speiial ihi iiinal iieaiment, suih as 
the anofli/mg ol alumiiiiim sheet ni tube li\ 1 hi limit acid lieaimenl I hc‘se fin¬ 
ishing ripc'ialinns nia> gennale wastes that leipiiie sc*paiate licMliuenl heloie 
being clisihaigc'd men ihe htial waste tiealiuent plant 

Most leiluctinn plants puichase then pnwei fmm uiihlies sn have no need fni 
high piessuiL' hiiileis Powei m.i\ Ik* geiieialetl in the bauxite plains wheie lui- 
bines exhaust iiilo the sleam line suppUiiig the esapmalms Bui in ihe leduilinn 
plants, iMiileis aie npc'ialeil piincipalK loi span* healing in ihe wniiei and ioi 
elccimde paste hc'aliiig, so the walei iicaliiieiil systems Im these opcT.ctinns arc 
usuaJh ijuile simple. 

Ill the secondaiv ii*fineiy, aluminum snap is melled m mdinlion fin nates in 
opeiaCioiis quite sinnlai in leiiuny npeiatinns in the piimaiv sinellei itself 
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ivherL SLiap must ht itMlaimcd fium huti L'lirls and ihppm^s In secondaiy 
sinclttis, thi natiiii nl the impuiiiiLS is unknnwn sii Muxing agetils aie added 
to iliiiiinatt them Ihe c oiitaminants an icnuncd as dioss horn ihi suiJaLt oJ 
the molun mtial alui lasijiig 
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Automotive Industry 


1 lu* \iili)iiinliM‘ aiifi liulustnus sL'^niLiil, Llassilied l)\ SH lotlt's 

IS (iiinpnsLil fil a wiilt \aiirl\ nf inaiiufaiiuiDprialums, iiulutl- 
111^ (r/) aiiliiiiin(i\ c fsi'll |)i Dpullc'il) \rhiilrs laiiii inipIriiKiits, auios ami liiuks, 
Miiisii 111 iioti r(|iJipiiiciil, and aiiii.itl and aeinsp.iit, (/i) maihinuis appliaiiies, 
ilidiiial niaihiiuis, and laliriiiiii l«il pinduils 

I lull' au fiiin basil aliiins in llu inaiiul.ii liii i nl innsl i>f thesi pinduils 
lasimii (liuindM npi'iaiiiin, dii lasiin^, ni iiimsiiiumiI laslin^), niaihinin^. 
Mainpin^ iind labiiiaiin^, .mil final assi inbK Mihnu^h wain i nnsuinpliiin is 
iil.iiiMb Hindi si III L.uh id ilii-si npnaiinns. wall i [|ualir\ is iinpi)i l«ini, and 
.ii|iii'r>ijs wasli's ai l i|iiiu Liiiii nili.iU d 

Siiinr plants ina\ prilnim |iisl imr id (he .ihf»\i' nprialions, while nlhns iatt\ 
mil ihe I'liliii pifiLL'ss linin lasliiifj (himi^li assi nihb .il a single nili'i^ialrd plant 
li^uii' 12") 1 shnws ihe Mdw nf iiiaiiiial tni thi Inlal npLialinn i>f an aiilnmntiVL' 
plain 

FOUNDRY OPERATIONS 

111 llic Imiiidn. parts suih as ilaiikshalts, i‘iii;inL’ blmks, and tiaiismissinns 
are lasi In a Upiial iinn li)undi\, pi^ iimi is pun based finin a sleel mill aiul 
nielled in a lutnan railed a lupnla, siinilai in design in a blast hiniaie I he inin 
IS mixed in ihe fuin.m with a ihar||rr id inke anil a flux ni slai|[>li)i 111111^ ma- 
leiial whuh ina\ be liinesinne nr Hunispai An is bliiwn iiitn the fuinace at the 
liiveies, as in ihe blast tuinaLC, and the i Diiibusiiiin nl the loke melts the Lhaij;c, 
with inolteii irnn draining In ihi bottom and sla^ floating to the top 

Ihe gases leaving the lupnla aie 1 onihustion pioduLts, hasualh C'C)_. with 
perhaps a small amount of I (J. plus a small aniount ol SOj, il the loke was made 
liotn sulfur-hearing loal. When the ihaige is dumped into the>lmiden, thcie is 
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Figuro 25.1 H.isir .iliIohiuIixl JiMiiiif.ii Iiji iii|{ 


siimr hicakiip of ihe il^LiIi\c'I> >\i:.ike] (r>ki lumps, .mil lIuk is an milial sui^i 
i)t f nkr lims into tin ixil i Diiihuslioii f^asrs Ihiii usualh is iinn nxirU alsii 
hirikcji loiisf hniti iht liars iif pi)^ iinii su the ilis(hai|[>i liiJiii ihi lupnla is hiL>h 
111 suspc'iiiird sniids 

In aviiifl f iLMtiii^ (III .111 pnlluliun prnlili iii, llir Iniinrli v iiiav iiisl.illa ha^hniist 
Inr ili\ cnlU'ttinii of ihc ilusl, iii a wvi siiuhhn 11 ihv lallLU is insiallrd, ihis 
Ix^iDines ihi pntuipal usi- id the watei in the fnundn npeiaLioii A l>pHal 
hmndiv ufieratinn is shown in Fi^uii 2*1 2 

Because the pinduils id Liniihustion are acidit, the pH id the suuhhei waui 
IS geneialK i|Uili low lupine 2^ shows a pH ihait taken fioni a lecoiilLT sam¬ 
pling sciuhbei walei I he elfcLl id opening and closing tin ihaigmg clooi is 
to dilute the Slack gases, which is appaient on the strip ihaii 

A second use oi water in the hmnclis is foi ciMiliiig the cupola shell 1 Ins is 
usually done h\ diiecl spraying id the stc'cl shell with water ihiough a iiicuin- 
ferential pipe at the tup id the cupola 1 his waiei ina> be colletlc‘d at the liottoni 
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Figure 25 2 V\ m I hkiiiiih 1 1 \ ii mi IoiimiIi i wilIi l I m 1 iihln 1 s 


til llii |)uiii|if fl ovii t I iiiilini; liiwtT aini iMiiiiiiil in ihi Inp iil ihi 

iupnli Mdsl Itiiiiuli K s iidjusl pH incl arid a intinsinn iniiiliilni hi pinicil ihc 
i iipiila slit II 

\ ihiiil List Ini wall I is n\ ihi 141 iiiiilalinii hi sla^ lappt il liniii ihc 1 iipnla 
1 111 iiiiilu II sJ 1 nUi I Is 111 iliL i>iaiiulalihii I ink anil llii slii^giains iii iiinnMiJ 
l)\ Mi|i>lits up I lamp aiul disiaicltil inln 1 inU hn\ 



Oclober 1b 1968 JonuaryH 1969 

Drag lank mflueni Venluri/scrubber effluent 


Figure 25.3 Snip iliaiis sliiiwiiij; pi I \aiiihiiiis m Vimuii 
siiiiblH I 1 niui III 
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Mnst foundiics L‘iKounltM dust piuhlems in ihu pirpar.Uinn nt sand innlcls 
and the birakup n( the sand tiniii ihi* hnisht'd lastiiif^, uhcic the niareiial is 
iiuslied tt>i iL'luin in ihe nuildiiig iimhii \ \aiiiM\ nf (hcniKals ina\ he mixed 
\sUh the sand In pinduie I he ^leen nnild, whiih iiiusi Ik* lined Ixdnii imillen 
metal is pnuied iiun ii Phennlii ininpnunds an* sninelimes used in piepaiiiijr 
the mnid, sn pheiinl iiia\ he pieseiii in thi fnuinlrs \vaslei\alei linih hnni ihis 
simici ainl also Itoiii ihe i nke i hatred in itu (upi>la Oils nia\ also hi used in 
ihi piepaiatifin id the ninUL and ihese vnlalili/t dining ihe h.ikin^ id ihi innld 
and miisl he inlliiiecl 1)\ a uei siiuhhci Depending nii tin npiialiniis, theu mas 
lx* indiMilual wel smihheis .ii ihe lupola, tiu Siind midd, and ihi shakenul iniini, 
ill \vaslei\alei liniii ihesi aieas nia\ he i imihined piini In ti(*ainunl 

lahh 2*1 I shnws ihe anaksis id a tniinilis waslewalii iLlaieil in iIil insialki 
linn illustiaiLil in f'itJiiie 2 1 hi ml innitiil was i|iiiu hi^h hiii iheii w.is im 
evideuLe id fiee ml in the sampli 1 his is a imnmnn muiiieiKL whin ihi hulk 
(d sus|x*inl(*d sniids cmisisis id laihiin anil non nxiili as in Inundis npLialiniis 
Allei ihe lieatmcnl ni this pai inulai wasii w.iu i, ihi nilimiiini w.is 11 dm c rl in 
less than "d) iii|;yL sLispindeil snlnls in .ihmil "di in^d, .iinl phi nnl lo 0 ~i iin;/l 1 hi 
tnlleiied snlnls wiit \aiiiuin hlleiid Ini ilispnsak anil ihi nd iniilint id ihi di\ 
take was ahnui W/i 

Iheie IS nlleii some Ihiniide pieseiil iii llii w.isliwatii, wliiili iii.iv In ml in 
diicefl h\ \iilatili/aiinii into till i upoJa slaik ^as oi nhix In dissnlvi d lioin ilii skn; 
111 ihe ^1 amdalimi lank Suite most foiinrliies disihai^i inin a iit\ siwii hi lou 
ihe waiei exeiilnallv i eai hes a w.ueri oiii si*. ilu anioimi id fliim iile is noi iisiialK 
so hit'll as in iei|iiiiL spetial lieatiiierit 

Iheie IS evapniiiliiin id ihe siiiilil)t‘i walei, hailing lo i oiii i nti.iiion, so dial 
ilieiniial iiealiiienl is iisualh ii‘i|iiiiefl loi lonliol id siah anrl lonosion in ilii 
IelllLulallll^ sxsiem, and sjiLiial alloxs aiL idicn iLi|iniid Im lln iiiiniis id .i 
inulli|ile-iii f lilt washei when the pll iii.ix heioini \ei\ low 

MACHINING 

Rough fast pails aie seni lo pails and aiiessmies plains in he niailimed Figuii 
25 t show still Ivpital n|jei alirinsm a plain lhai mat limes pails foi anil assembles 
lai engines Ma|oi opeiations inchidi mailiiiimg, ileaniiiK. iiigine lesting 
(h\ill o-lesi), ami w.isle liiMimiiil 

Ralliei than a smglr* assemhh line Irn the iiiai Inning opuaiion, a senes id 
small lines IS set up loi iiiili pail and ilepaitmeni taili ilepaiinuni piilminsits 
own paitniilai machining opeiaiiiins on ilu suhassemhlies, and e.iih id these 
nia\ iiM|i]iie a spenlii r\pe id m.ichiiie tmdaiil, vaivinii timn a waiei-h.isc male’ 
iial lo a hea\i sulliii ml 1 hesi loolanis pirnide liihiiiili anil looling lo ihe 
metal and tool used lo shape il Mans ol these oils loniam eiiiulsilieislli.il leailih 
iteale O/W emulsions vs hen mixed with watei 

Soluble ml loolaiUs aie iisiiallv mamlaiiied at i-la'/f ml lonienlialion anil 
stoied in teiitial siiiiips ihe ml is ietiiiiilalerl ilnoiigh siieen oi lilleis lo die 

TABLE 25.1 AnalyAli of ■ Typical Foundry Wiotewitor 
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Figure 25.4 l\pii.il i)|Kifiiiiuis in ,in tn^iTu pldiil 


iiuiiliiiu liinJ itiifl hrii k III lilt sump \l ihi m.iihiiu thr siiliihli nil iihsnibs liial 
ami puks up iiuMal Imrs ami liMliaulii till iinm Iraks Plants will iimnialb dump 
tin iMiliit (DiilaiU s\sieiii piMinilif .ill> hciausL ul hatu*ii.il liiiilrlu|) ni liriaiisi the 
Lmujlsmn isimlnnf*Li slalilt It is ^inhI pi at liii in ailrl hjOLitli in i [iiilinl liai lt*i lal 
aiii\il\, hut llns (iiiiniit LXtcnd innlani lili‘ ini1i‘finilrl> 

A rluM'Inpinciil has bren ihe mii nfhulion of SMillu'tii and st mi- 

s\iuhctit iniilants J he s\nlluMii cnnlants contain no ml, wink' ihe s(*mi-s\nlhctits 
cnnlain smut' ml bill less ihan soluble ml imilants Ihese liaM' some adsantages 
i>M‘i soluble oils on ihe inaihme, howcxei, lhe\ aiL still m the ilevelopmenlal 
stage 

Cat) walei oi Llaiihed plain walm is iisuallv used in make up ihe tnnlants If 
hi|ih hardness levels aie Inuiid in ihe makeup watei, snil watei is snmelimes 
advaiilageoLis because lakium ions tend to ilesiabili/e the emulsions, espeiialU il 
Ihe irMilam comentiales Removing the Laknim and inagnesuini eMeiids the 
siabilitv III the soluble oils 


PARTS CLEANING 

f he othei nia|ni opetaLinn in the iiiaihinei v plant is cleaning 1 he paiLs must lie 
ileaiierl before and aftei machining to leinove dirl, itisl pieventive, and rnniant. 
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(^.liciniidl cit-diiris art'usrd, iisiialh alkaliiic anri clctrif^eni ivprs Aiiinnii phiis- 
filialL* (leaiicis had been used e\leiisi\el\ in lIil past, hut lia\e hem ^leailv 
leduced \onmnit suilaitanis have heiiime qiiiie pnpiilai Thetleaiiei iisaline is 
suhstantial siiue the ileaneis aie Liiiitiiiiiall> de|)leted iind liesh ihemuals an 
needed tu niainlaiii the stiength necessaiv Ini efleiliM pet fin inaiif l 

In the niachinc shop, hlnudimn linin the paits lUarieis tniiipiises iiuighlv 
80!/r of the Him to ihe wasit tieatinent plant Ueiaiise a piiinaiv liiiutinii nl the 
(leanei is tn letnnve innlant, hlimrlr»\sii iisuallv iniitaiiis 'iHH IHHH lug/l ml 
1 hese wastes aie enuilsiinis slahili/erl h\ the suilailanis in iheinol.iiil and in llu 
ileaners Othei Ihiws in tlu* wasit plant iiuhidt snhihli nil diiiiips nihei ileaneis 
such as Hnin cleaneis, ctMiling watet linni aViiiitlv id siniues (siiili tis an iniiih 
tifiniiig systems), hoilei hlnwchiwn, hvdiaulu nil leaks and spills and siniin w.iUi 
()i Iasinnalh. changing h mil snluhli niltna svnihetu innlani hasLausiil pinh 
lems in the waste ti eatnieiil plant when ami .mil alum w 11 l In mg iisi d Ini i mid 
sinn hieakiiig Digaiiu einulsinn huMkeis have pinverl nmu ifkilivein umnv 
ing nil itmn ihe elHueni iindei a wide vain tv id i nnlani sileitmns iln\u\Li 
TediKlinn id snhihle HOD hv aliiiii ni ntganii t niiilsimi hiLaktis is usuallv vm\ 
hniiiecl HOI) loadings tn the wasit plant inav, in lai L mitiast siiiieihi sMithtiits 
usuallv have a highei HOI) than snluhh nils 

Annthci fat till that tan havt an impatl on the ipialitv of tin wasii tualnunt 
plant elThient is LlLanei usagt Ixcessivi ilLanti ns.igi tspiii.dlv id iiti.im 
stinng iinnifimi cleaneis lan nuieasi dosages m llu wasit iiiaimini pl.mi m 
even make iht waste vnliiallv uiiiic alablt \ oliiiiu aiirl ivpi id iltaiui shnulil hi 
halantetl aganisi ihi iinpaci on hnlh llu lost and r|nrihlv id tlu w.islt lii.ilimnl 
plant opeialinii 


TABLE 25.2 Raw Waslo from Macblnlng Oporallona 


1 iMISlIllUllt 

iiii;/l 

1 II \.iiit ISO IImill 

inon 

P .ilkaliniu fas ( at f Ij 

tJt 

Inial alkalinm fas ( a( O,) 

7ns 

Siispt ink d snlids 

mo 

1 1 (iiiiah 

1 

ins 

rioo 

pit 

10 t 

( a liai line ss (as 1 at 1),) 

JO 

1 rii.il liaiilness (as ( at (),) 

Jii 

iiiiai ro, 

\ 0 


lahle 2"} 2 shims a ivpnal analvsis of the imliealed ellhienl limn a tnai liiiimg 
plain Hasitallv llu ellhienl is an ml-in-watti emulsion I his analvsis rioes not 
me huh fiet m fln.iimg oils 

M.It liming plants use iiinhng w.itei fni an i nnihliniimg, pnweihmisi diesel 
gtneiatms and iriinpi essoi s, hvdiaulu ml lookis, and I innate innling if tlu 
plant IS involved m heat tieatmenls, such as anne.ihng 

Faili plain, ile]ieiiding on what ii maiiulaiiuies, mav have its own unique lists 
fm (inding water Foi example, engine plains tvpiiallv hvdiousl the assemhlerl 
engine mi a dvnamomelei heJoie shipment A ivpical lest svstem is shown m 
Figiiie 5 On the tuhe side oi closed side, the heat exihangei lakes the plate id 
a rarlialoi Sohihle oil-lvpe piodiiits ate used on ihe closed siile il the engine is 
going to he diained Ixdoie shipnieiil These pioducis lav down a him that pit- 
vents Hash coiiosion II the engine is not going in he dtamed, eilhti sohihle oil ni 
tiiriveiilifinal loiiosioii mhihiiois can he used, depending on the manutacluiers 
lesinitirms 
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Figure 25.5 ( ihiJiii^ u.iui niniii li»i li\rli niisini^ liiiislii rl ui^iius 


A l\|ii(.il |jl.iiii fTciu'iaius all a\ria|;i* iil iiiillinii lb/da\ ul !’)() psi silmiii, 

piiiiiaiiK toi unite 1 lual, hul siiiiii* sUmiii is alsn iisrri tii IilmI \aiiiiiis iIcaiu’t 
liailis, sii liu'ii IS a IhiiIl'i IimiI hi llir siiniiiic*i if iht* pJaiil has a 
opriaiiiin, sUMin mas alsn hr iisccl In rliixt^ llir hainnic'is (I i^inr 2i (i) /rnlilifs 
si'LMii In In' iht* iiinsi iniiniinn inrilinii oi snltening, with as mage leeitwatei haid- 
lU'ss bring 1 2 nig/l Figuir 7 is ti diagiaiii nl a h|)ii.il bnilri plant 


WATER-WASHED PAINT SPRAY BOOTHS 

Sninr inaLhiuns plan's (such as engine plants) base small spias bnnths uheie 
piiinei IS s])ia\ed nn pat Is 1 liese small bnnths experieni e the same inainteiianie 
pinblems as laigei ones, such as thnse used in paint lai bndirs, and tlies ieL|uiie 
themiial lieainieiil T he> ate iint as impnitanl to pinduilinii, so lhe> air he- 
tjuenils pnntls maintained 

Since spias bnnths are sn s\idel> used liiinughnul the autniiintis r and niachiii- 
ei\ indiisttirs, a desciipliciii is giseii hne In illustiate ihe tspe nf ualei tech- 
nnlngs lequired fni successlul iiperalinii (>nals nf the uatei ticatnieiU pingiam 
aie In (1) keep the walei iiicuit Iree nf dcpnsils, (2) make the paini nveispia> 
inlleclcd m the watei nnii-slick> and readils lemnsable linin the walet, (3) mini- 
mi/e backseclinn deposits in prevrni nbstruiling flnsv nf paiiit-laden an from the 
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buoih. (4) minimize ronramiiianis in the air clLschargcrl Ui the uulside sn it will not 
I l eaie an air pollution problem, and (5) minimi/t booth maiiiienam t!. 

Figure iiS.H illustrates a lypital paini spray unit for small parts, sulIi as would 
be fouiirl in the machinery plants. The conveyor i:arn iiig the parts to be painted 
passes ill from oi the wel wall, aiul the operator sprays paint on the pans as they 
pass Ijy, with the excess or overspray being cullerieil on the film of water llinving 
down the wet wall. The water must be chemirally condiiionerl so that the pigment 
and liie excess vehicle and solvent are killed and do not (orin a sticky mass that 
\v[)uld he rlilliculf to remove from the pan. Water i.s loniinually witbdrawn and 
l ecin iilaied to the spray header, which provides scrubljing of the discharge of 
ventilating air before water ilrains back down the wet wall. 

I he large |raim spray booths used in the iuitomobile assemblv shops arc illus- 
iraieil in Figures 20.11 and 2."j.10. Operators work inside these booths, applying 
paint to the car body- 1 he llooi of these units is grating supported above a water 
basin, •inrl falling paint deposits on the water while other jiaint particles are car¬ 
ried b\ ilie ail How into the water ciirlain either on the wet walls Jir into the wall 
(a\ilv, or hack section, where arldilional sprays scrub the flow .of air. 


DETACKIFYING PAINT 

Properly (reaied water will colled the pigment and organic componenrs ol the 
jKiirit and condition tlit‘se so that they are not tacky, prodncing a sludge which 
can he leaililv iKiiidled wilhoni sticking to the scrapers or fliglils iisetl for its 
remiiNal. ( he material which carries up into the hack sec lion is sciuhhed out and 
killed by pro))erl\ treated walei wash sf» that deposits clo m>t form in this rela¬ 
tively iniistricled wall cavilv. It the water is not properly treated, particles pene¬ 
trate the water curtain, build deposits in the hark sections, and go run the stack as 
particulate emi.ssitiii.s. In .'iflditit>ii to the air pollution problem, exteirsive mainte- 
iiaiice is i etjiiired to reinm e the (feposii.s in the bark .sections, on the eliminators, 
on the fan blacle.s, atid in the basin below the grating to keep the booth operaliiig 
so iliar it pr(j\ ides sa/erv uj the operator and a t lean discharge lf» iJie oittsirle air. 

J’aini sprav br»oi/is are iti sotiie re.spects like an air wa.shet, iti that the sjjray 
water iiia\ e\ :iporaie and i:ause crmc eiilration oi dissolved .solids or uaier may be 
conrlensed from the air anri iliei e may be a imitiiuial rliliitioii ol the spra\ water. 

I his means that a check on total dissolvecl solids, pff, ami alkalinity is ret|iiired 
periodiially to keep the svsteiti timler good control. 

Keiiin idatioii volumes on washers i^f this type are high—about lO.OfH) gpm for 
a iviiiral body spray hiMUli ami gpm fora parts spray hootli. 1 he water 

reieiitioii time in the system is relatively low, perhaps otily 2-.^ minutes. I he 
basin is usually dumped at the end ol the .sliili. I he actual water makeup rei|iiiie- 
meiils are iliniciili to eslitnaie because they tiepend on the evaporation rale anti 
the fiequencv of dumpitig, which are uiu<|iie lor each in.slallation. 

STAMPING 

Iti the statiiping operation, the first step is t<» loosen mill scale from the metal 
surface in preparalinii for sumi[)ing by pas.sing the strip steel through a flex 
(Figure 2.5.11). Fhis flex ndlei bends ami Hexes the steel through a senes oi 
rollers. Wash oil is brushed on during the Hexing operation to remove the null 
scale and dirt.. 

Fhe Hexed steel i.s cut to .size and then stamped ti> the desired shape by large 
hydraulic presses. Drawing oil is sprayed on the dies tt) aid in stamping. 

The stamped part is further cut and trimmed to the predse size; and the draw¬ 
ing oik tutting oil, and din are removed in a parts washer, creating an oily waste- 
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DIRECTION OF 
PAINT SPRAY 
- 


Figure 25.B Small (Mils |jaiiii spi«i> lifintli 



Die pail riia\ lliiii Ih wdchildi piinuil cUpiiidiiiLr mi ihc iiifiiiiiiiii lui 
iiig I riiuii LM111 Ills Ihc assf iiiIjIcm] pail IS ihi II icaclv Im sliipniiiil tn ihr assi iiililx 
pJanr I iiiishi rl piiifiiiiis Itom stamping anri lahiiiaiiDii planis inilurli ilnins 
flcKjr pans iniiiks, hiiiifis, and lencleis 

llu* finus Iroin siainpuig anti fabiitanr)ii air usually i|iiilr Irm f"!!),()()() gptl) 
anrI consist of oiK waslt's lioni ihr pails vyaslms, looling watii lilowiliiun, anti 
blowdown Itom ihr spray booths I hr ysasltwaln toniains KKI-’>()() mg/1 oil and 
tan hr riirtlivrly Heated with ()/W riiinlsion bieakris Otcasionally, wash oil, 
hvdraiilif oil, anil thawing oil arc dumped lo the wastt plant, but most planis liy 
to segregate these lelativelv clean oils fioni tin wasiewalei ioi leioyeiv oi sale 

PLATING WASTES 

Wheie plating oi pans is a major n|)eialioii, waste tieatnieiit plants aii designed 
to remiiye heavy metals Iradilional liealmeiits ol i eiliittion anil jiH atljuslmeiit 
lo remove the metal as the hydioxiile aie rommonly used A typiial heavy metal 
lemovai plant is shown m l^igure 25 12 nestriiclion ol i)anide niav also be 
lequired 

iionomits may justify heavy metal leinvery, most fiecjiientl) by an ion ex- 




AiitiNiiDtIv* Industry 



Figure 2510 ( mss suluni nl iiJiiiiiii)hili |Mini spi i> InidiIi 












TO BODY ASSEMBLY PLANT 


ZINC RICH 
PRIMING 

Figure 25.11 I .iIiijl.hiii^ .mil si.iin|iiii^ 

(ipi*i.Uiiin Nitkil is I'asih iiiLiiinrrl liinn mist laiiks InlliiwiiiL' iiiikil 
pjfiliiijr (JI 1 H fiJi 111 lain 111 I t-siii, \Mtli ilu \i iii li 11 lu i am 11 liii lu il in ilii plai¬ 
nly lank ( hininalL is alsii ii imnalilc. hut mil in ,i Imin iisiliil in ilu pl.iiiii^ 
i>pi lalion 

Plalirifr IS as 111111 11 an ail as .1 sill mr Pails iti Ik pLiuil i (M|iiii l taiLinl ili an 
ami iiiisiii^, iificn uilli soil uatiM lii a\nirl spnltin^ Ilu plating hailis an 
|iiL'cist.*l\ (nnliollc'il .iiul may ter|ijiir ili inini i ali/i rl wain niakrup \ ly pit ill 
plainly liiiL* IS shown in Fif^inc 2'’i 11 

Painiiiif^ is iiui tMsiiifr]\ imputiaiil in ilu- iiii-ial lahination plains as ilu i lloils 
to stop hotly Loiiosion iiiileast- /iiu-iifli piimeis aie sprayed on ilu inteiiois 
of iloois, fenrleis and iiihei areas llial arc erulosed alter asseinhh hi impro\c 
coiiosion pioieiiioii I his operation is tamed out in the same type ol spray 
hiKith as desitihi-rl eaihei 

Utilities, sLiih as sleam ami louIiii^ water, aie iiiuih iIil same in slaiiipiiijir and 
labruation as desinhed lor the malhlnln^ o|)eialifin 

ASSEMBLY PLANTS 

Pigiiie 25 M shows a typical flow dia^Tarn toi an assembly plant 1 hese plants 
receive all of the pails and sub-assemblies produced in supplier plants anil as- 
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[Alternole) 


Clearwell 


Recovery of 
filter backwash 



Top wafer 


Hof Rock Unload Mof 

rinse strip work rinse 

(dry) (dry) 


Figure 25.13 I luwsJui inf .1 iliiimu pUlin^ liiu iiu furling Ll(<miiif; sup and ihtte 
slaves 111 iiuial d( 
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AUTOMOBILE 


Figure 2514 rinKssIlim in 111 luluiiinhilc isst inbU |ilini 


applif rl 10 till nil till MitJaics In |jiiiMfU intiiisinii |jnilrilinii anil a siirlaii Ini 
lliL paint finish 1 i^uti I'i shnus a l\piL il plinspliali/iii^ opiiatinn 1 niisisiin^ 
nl 4 liaiiiii^ iinsini' phosphatiiig niisiii],r ami si iliiifi; with cliunnii aiitl Mtii 
bcmrltii/in^ inaiii plaiils ust a prriiLss in 1 li clioslaLii«ill> dc pn 11 1 piinui mat 
Ilf punt un till inrlal siiiiaii h\ ilippiii|^ ilii clLiliiialK iliai|iLil me lal inin a v ii 
of waler hasi paint I hi uppiisiiiK iliar^td paint patlitjes ait atliaiLid tvLiih 
to thi riuial silt fail (sil li^iiii 2') Jb) Maktiip hi this s\siiiii is ih iniiiLi ali/i il 
so that the hath cnniliittnilv lan bt fontnilkil 

In ibis pioLtss ihi bath liiuls to lit at up I ht paint is cooltil In low hO 1 
) tilli>u)(h a heal Lxth ui|f( r bv iilbfi a lIhIU 1 01 optn 1 1 111 mlaiiii|’miiliiifjj; 
inwLM svsLliii Ailti the dttirnsuiic dip. llicr pamtid tar is bakicl in an oxtn to 
sLt rliL finish 1 h( exhaust gasrs f 10111 ihi oviiis pass ifnou^h htal i \rhanf>tis 
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Figure 25.15 IMiiis|ili mtiu md i li iiini n itiii.> liiiis 

III iLKivii Ik ril li\ uainuiifi tht n\ui inakiLi|) an Ihisi i vi haiii^Lis Jrkiil with 
|iaini usidiit anil iiijiiiiL tui|uiiit ikaiinii^ 

I'tiirHlualK uHii L nttali il I Hist wain li nin i km Dslaiii i oarnif; is rknii[ic rl id 
till waste pLini I In si ikiiii|is i.in ii|)si i iki wasu plant h\ iiitinikii in^ waslt* 
ill ii IS iliflKiill to 11 tat 11 lilt pi I 111 ihc p.iini is lowiiirl in kss ikan 4 0 |rniii 
lulls Ini 111 anil plu^ llu lints <nifl pumps 

Most mIiiiK asst inkl> plants havi iIil hjii nl wil spi i\ IhmiiIis disiiiNcl 
cat 111 1 linn ii(ilit> si i mils aii (nni])aialilL In llinsL Ininul in tiu ma(lnniiii> 
|)l mis 

I lull au twiispiiilii mist t Ham nils wall I nsisnillu asst mbl\ plain (1) 1 lit 
asstiiikli il lai is passi li lliiniiL;li a spia\ In lisl Ini kaks Pkinitsiiiil iIm is pul 
III llu wall I sn a liLiik k^lil will iltaik iL\tal kaks \\LlLlll^ at^Liits aiL also 
Klfkrl Id iiiakt llu lisl iiidil si mu anil in picvinl w.ilii spots (12) llu final 
pifiiiss IS a ixpical lai w.isli npiiatinn \aiinus snaps an .niikfl In In Ip than 
llu lai 


TABLE 25.3 Summery of Weter Ueoe 



1 uuiiiIm 

M.I1 lulling 

1 aln iialiiig 
jiiil sidiiiping 

\ssLinl»l\ 

t nnliii^ 

i iipnla w ills 
( lipi)l.l Wtt L.ip 
Sla^ ^Taiiiil.il[ii 
( omliiii 

Piigiiii It sling 
Oil 1 iKikis 
( iimlinl 
( Dni|ii t ssni s 

Si inipiiig 
Wiltki 

1 iiinfinl 
( iinipicssnis 

Wtlilci 

LI 1*0 

( DllllOlt 
( lillipitSsiiis 


( niii|ii Lssiiis 

1 in iiiif 1 Willis 




Biiih 1 s 

MdktfU|) 

Urt s( 1 iihht 1 s 

Maki up 

Wtl SITIlllluiS 

M jki up 

Ui r sciuhluis 

1 ulI 

lull Midi 

( liaiiin^ 


Maki lip 

KinsL 

\fdki lip 

Rinsi 

Mdki np 

Riiisl 

S|iia\ biMiihs 


Makiiip 

M iktnp 

M ikciip 

IMaiin^ 



Mdktiip 

Kinst* 
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Figure 25.16 I 1 [ f 1 111111.11111^ ( ss f 1)1 .iiili)iiir)liili horliLs 


Wastes iiDiii asst nihh plains aie iisiialh ipiiic ililiiu l\piiaJ loiiiaiiiiiiaiils 
are paint siiluls, oil HOD, susptniltil sniiils, /iiu, ihiuiiu, and pliospliati C n 
agiilanis and O/W Lmiilsioii hteakeis wink well on llii sr w.iuis Walei ionics 
hoin spiav booths snipping tanks phospli.ili/in^. wet salldlrl^, lat wash i onl¬ 
ine wain, watei leak list, and saiioiis pails wasluis l>pi[al flows lan^i lioin 
mm){) to 1.000,000 ^pri 

lablc 2') siiniinaii/es wain lists in ihc inri|i>i iiiiloiiioii\c iiiiiniilailuiin^ 
steps 





Chapter 26 

Chemical Industry 


Mil till mil il lUnuiils i iii In iDiiihiiu d in siiili i \.llJtl^ ol \\,i\s lliai il is not 
sin |ii isiiii; lliil (111 flu mil il iikIusIm is llii iiiosi iIixlisl ul ill mdustiiil oyni.i 
lions l\Mi whin llu iiiinibii id i linn ills that i in t ikt [iitl in ri iLtiilion is 
liinilLd (IS wiili hxrlio^iri i.iilioii mil iiw ^L ii llu i oniliin ninns i in pioduii 
in iiulliss iiia\ ol |]iodiiils 

()\(i lOOUO |jiik1iiUs 111 |jtoiliittd In ihi fliLinnal mdnsliv most rd xvlnrh 
111 iisirl to 111 iki oiliLi piofliiiis id whiih llu |nd>lii is loi llu most p.n I iin 
iv\ 111 ImiiIodiIs Old 111 \l s 1(111 hi i orisiili 1 1 d to lx miMiit i s id i lit mital 
siilisi mil s 

llu ^oM 1111111 111 lias liirikiii down till iliLiiiual nuliistix b\ its iiitlliod id 
si indaid mrliisiii il 1 1 issilii ilion loilin^ Bin iIilil an olhi i waxs ol ratt ii>ni i/iii^ 
It nilliirlmii toniiai;e diillii x iliii aiirl llu posiiion tin ilumuals max oiiLipx 
on llu path hilwitn t ixx inaiiiials and imisiiiiiii piodiuls I siiiiJ llii lalln 
iiuiliiid id ilassilitalion lahic J(i 1 sluiws ilu xxiilt xaiuix id iluinii il piodiuts 
ol whitli llu filth i.iUj^oix loxiis ihosi finallx iiriilnn^ tlu (oiisunui inaiktl 

PROCESS COOLING IS MAJOR H O USE 

I 111 indiislix IS a majoi iisit ol waUi as shown h\ Jahli iih 2 Mu f^icalisl list 
IS tin loohn^ piiMiss ir|uipinini Manx flu inn al iiai lions ^tiurait liiat and 
till iLaition xissil is i ooli rl so that llu li mpci aim i is i onli oiled at iht ilt sired 
liTiiit and tlu tiaiLion rloes not ^ti out id loiiliol Otlui clumiial icailions ii 
t|niii luat anil most ihciiiiial plains pioxiik this with then own sliaiii If tlu 
stLaiii IS used oiilx lot low tLiiiptiaUiii pioiiss luat ihr plant inav optiaU a 
low piissiiiL lioilti, but il tliL plant iiquiiLs a ^ital deal ol LliitiiLal 
as well as heal, it is common to install hiRli piessuie bodeis to genet alt power 
thiough steam luibines, with the tuibincs i vliausting into a proiess steam line, 
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TABLE 26 1 VariotlOB off Chamloil Produda 


( lass ol (llLllllLdls 
1 llLa\> C hiiniials 


2 Inunnediaci s 

{ Imisliccl PiiuliMls ini 
fabtiijiiiin Ol bl(iuliii|r 

i S|x^Lialr\ Pincluits lui 
iiidiisiiial anti af^ii 
I iilruidl list 

*1 C (iiisiinit I l^ndiKis 


Ixainpks 

Siilhii sulliitii acid hint soda ash amnionia hydin 
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PoUcihsIciic |Mil\ 111\lainidc iisloii stidiuni pliosphau 
pif^niints fiilili/Lis iNpliisists snl\tills 

(nriusinn inhihitnis inaiiiiKs hcibiiidts |Kstiudis 
liMid addilixi s inks adlusnts d\LS iliainis 


I dniLs paints diu^s iiisiniiiLs ih ii nis loiln [nip 
aiarinns sit iili/iii)> j[’i ills bakill^ pi i ji iialiniis plii> 
tn^i iphii piodiii Is 


uilh pt thtijis snnit til llu suaiii dii it ll\ in iliiihiLit iniirhiisii lalilt Jii J 

slinus lilt 1 ti[iiii t me nis hnth Ini liniki It-iilwalii and alsn Ini i rxilini' nl ilii 
liiibiiit iniidiiisti 

( nnliiiK uain is iisii.ilh uil.iniiid li\ use nl cnnlini; tovsiis sn ilu iiijiiiit 
Hunts Ini makiup Haiti iic miriiiiii/t d Mnsl In il cvihin^ijs use uiiii nn 
llu lube suit linwcvLi in sniiu the inn al pinussis ii is ninri sun d)li in lii\i 
Hatii nil llu slull suit with pinttss hipmi on llii lulu suit In tins eh sii’ii llu 
ualei Mlncils is hni inmpaud In iniiMiitinnal piailut and siispLiuUil snhrls 
ill llu LiMilin^Hatii tan iitali di (insil pinbltins 

AnnlliCT laif^c use nl nalci is ioi piniiss apfilic atinns vvliiib nia\ iiiiliidi 
liydiaulu tniiviMiig livdiaiilii ilassiluatinii Hashing' and l[| uipriu nl l h anup 
SniiiL Hall I may beimne pail nl llu liinslii d pindmi I inalh piiiMsinii is inadi 
111 mnst cluniiial plants fni liu pioUctinn hIiiiIi iisiiidh riijiniis wain ullui 
applied diieclly as a In^, ni as a (ompniient nl Inain 

( hcmual plant npiratiniis art ilassifitMl intn unit npLiaiinns tsiiib as tsapma 
lion, diving ciystallizatinii) and unit piotesses fsuih as moiinnui piniluilinn 
snlluiu and pinduituiii nr tatalylit iiaikiiig —all mvnlving a iiimibii id unit 
npriatiniis) Hetause lath (lumiial maiiiifactuiing plain dilltis sn miiih linm 
Us iieighbnrs ii is simplei in examine llu nalei and steam it qnii imiiits rd uiiii 
npcidtinris than tn attempt In asstss xvalir and sleam lequiitnunls Ini diiltitni 
ilassifiLations nl theiiiual maiuilartilling plants 

In innsi chcmiial npeiatinns, there aie piniLssiiig steps uivnlvid m piip.iiiiig 
the lan matenals ini the leailinn that pinduces ihi iiiiisbed pioduit llu lan 
tnatciials niav be crushed and then innvcved by natei in ilassiluatinii dexiits, 
suih as sneeiis, hIiiiIi may be nperalcd eiihei wet ni ilr) Sohibh lan malerials 
may be dissolved in natci, ni il gases, alisorbrd iii walei to latililate the iheniiral 
leaction 1 he rpialiiy ni Hater may be impnitani, Inr example, it may inntain 
iron, whiih could latalyzc a reai turn, discoloi the finished pioduii, or piecipiiaie 
ID prodiiie a luibid product 

Aftei preparatiiiii, the iiigiedicius may be ihaiged tn a leaitni Ibis may be 
finne baltliHise ni c nnliiiunusly, depeiuling un the vnlunu nl ihiniigliput, tin 
value of the products being handled, and the econniiiics ol the aUeinatixe de¬ 
signs 11 the reaction is endotlierinic, the reactoi is usuall) healed with steam, if 
the reaction is exothermic, the reactor is designed so the mixture must be heated 
to a certain level before the reaction will iKCiir, and thereafter the reaction may 
become exolheimit and cooling will be requiied Pigiiie 2b 1 illustrates a icac- 
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Flgurt 26.1 A iiacliriii \t^sse\ rie«igncrl biiih Im litdting aiuI iiNiliiig nl process 
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Figure 26.2 A|nishtt-I>pef m 
tiilujre Hi'Signt-rl lin i ruiiiln i iii- 
irnl Tinsiiifr 1)1 si>li[ls (i>i liipiin 
111 fni‘1 \ f( ourti ^■v of S/ifi? ph \ 
Stokfs Ihvisittn, PthUvoaU i ot 
pofutHm } 


non Missel cU-si^iiL'il li)] hnlli hcariiif) aiul ciM)liiit> 1 hr piilvinrij/aliini dI oiganii 
matrnals is an c\ain|jlL‘ ni a leaiiion irifuiiin^ initial healing. Inllowrrl In inol- 
iiifi; til inaintain a inniinl triiipnatmr 

1 hr chrmical icactinn tliH^s mil alv\a\s take placi in such .i snpliistualrrl 
Traitni, it nlirn oliiiis in a sniiplr sriliinrntaluin \rssil siniil.ii in ili.n iisril Ini 
lime sokriiin^ nl vialri 

Oiut llir ihcniual ir.niinii has taken plai r, athlilinnal pinirsMiiii is iisiialh 
irquireil in iriiiinr iiniraftrLl tiiu iiiatriials ni iinwaniril tnpinrliiiis \Mirii 
these iTiipuiitirs air snluls, ixpiial siilirls/liipiifis srpaialion pi messes an iisril 
nr|)enriin^ on ihr natiiir of ihr snluls to hr reninxrri, tin Llnmr iiia\ lie sirli 
mriilatinn, hliiaiinii, oi LriUnhi^alinn Ihr snluls irmnvrri an nflrn washrti 
loi rreovriy nf values in the liquoi rnixrtl with ihesc^ slnuls (hfruir 2fi 2) 



Figure 26.3 1 ncr^y rhaiigrs 
anijiiipany main Lhenmal sepa- 
faiiiiii priH esses, leqiining heal- 
iii|i; OI conlirif;' of ihe ptiMess 
li(|unr In this laif^e iiystalli/tM, 
ainmoiiium sullalc is pindiuerl 
at a Tale of fiOO inns |>ei (lav 
((^ourtr\y o/ IV/ii/iUff Curpoyatwfi) 
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Figure 26.4 llimsliLii nl aliiiii iii.iiiiiliitiiiti uses se‘\(i,il iimi 

[)l IM I SSI s 


II lilt nii|Jiiililt s .IK iKil siiliils, llitMi the liti.ll scprii.ilHJii iii.iv leqiiiTt lMi.u- 
111)11 vvilh .1 si)l\(iii, which iiiii> hi waiii il ihi piixess lliiicl is IimIi di aihiiii ()i 
till sc pai tilinii iiia\ hi afhi(\e<lh\ an DpeTalinii iii\t)l\iii^ a pli.iki ihaiii^t siith as 
L\.ipDi .iliDii, ihslillalinn ti\stalli/atii)ii oi ilivni^ In all of ihese opeiations 
inei|[;\ IS applied lo pindiicc the scqjaialioiv and tooling water nia> be* used r>n 
LDiiih'iisc'is 111 lefhix liLai cxchangiis (Figiiie till) S) 


PROCESS FLOWSHEETS 

\ simple example showing how these unit opeKilions aiL assembled inloa rom- 
pleit pi DC ess .mil how watei .iiid sit am aiL used is ilu mannlai line oi alum, 
shown 111 iliL flow sheet of 1 i^iiie 2 b d In tin piepai iiion of taw maleiials the 
bauxite is iiiisherl and ^iimnd iii the di> loini anil led into the fust i eat lion 
vessel, wheie it ineets i oiuentiated siilluiu and anil is diliilirl with washings 
fioin l.itci operations 1 hi mixtiirt is healed with siLam so that the ttafLinn tan 
lake pl.iLi lapidlv, non is lenuneil as an impuiitv, ami the liqiioi is fed lo a 
ilaiifiet, wheit a floLiulaiii is added I he uiidLiflow solids ait pumped lo a 
two-stage washing sssleiii, wheie the alum lu|Uoi is leiovtied h\ h.iving these 
solids washed with 1 ondensale Iheoveillow liqiioi isluilhei tonti iiiialtd iti an 
open evapuraloi, and the i one enti ale is then disihaiged onto a cooling flooi 
wheie LIvstalli/alion ouiiis \s seen in this How sheet, the itailion takes place 
111 lelalnelv simple and loinpaci vessels and the halance of the equipment is foi 
pupating the law mateiials, and finishing the proiliiLl lo meet the lequiied 
s^H’cifKalinns Steam is reqiiitetl lot the opeialion, and iht condensate piodutcd 
IS used as the wash waiei in pioiessiiig the waste solids 

\ second example, wheie die pieparalion oi raw materials and sepaiation and 
puiifitalion of die final pioduit is mote extensive is shown in Tiguie 26 5, re¬ 
lating to the iTianufdituie of sodium chinniaie fiom thioiniie ore 

A good example of the inmplexiiy of the petiorhemiial indusliy is the inanu- 




FlBUrn 26.5 A vaiiL-t) r>f iinil piocrssis aic u^t.(l in this silitnit Ini pinilui inni ol 
vndiiim ihrninalt aiici b\ pinclud salt take liiiiii chniiniK ini 


factuie of sviilhctii lubhfi, illustialed by 1 iguir 2b b In this illustialioii, thi' rau 
matciials aie iiitpnnrdiatcs ni sptiially iheiniials, the rijuipinrnt fni caiiyiiif^ 
out the icactioii IS quite complex, and tlie final proLessing steps aie eqii.ilh Lom- 
pluateii Iheie is exieiisne use ni steam and walei thiougboul iIil pi mess 

there ait mam olhei pi messes used in the t hemic al industiy, such as chi- 
trcilysis and inn exchange, also using watei and steam cxtensuely, the eailier 
illustiaUnns seivr the purpose of pointing out the diveisiiv of opetalions in the 
chcmiial mdiisliy and the ysidespiead use ol both ssatei and steam in almost 
evety opeiaUun 

ENVIRONMENTAL EFFECTS 

the problems of walei pollution contiol aie paitnulaily loniplicated in the 
chemical iiidiistiy the flow charts have shown how widel> walei and steam aie 
used m all kinds of operations, and each point of use represents a possibilitv 
foi contamination with the law mateiial, iiitermediatc*, cii finished pioduil at 
that point 

It IS usuall) less expensive to design the pioiess to pi event coiitarnmatiori and 
to install equipment to recycle and recover chemicals than it is to icmove oi 
neutralize the conlarnination after the faci in a wasle treatmerii plant (or ex¬ 
ample, if the waste solids pimluced in the alum process, figuic 26 4, still contain 
too much liquor to be act epiable as landhll, a thud washing stage may be added 
In the lernoval of unrcacted raw matenafs from a fimshcil liquid oiganic com- 


















TABLE 26^ WmI« Profllsi 0 ff Sslsctod Organics In Water 
(Baaad on oMygan domand*) 


('heniical 

BOD 

COD 

Theme tic ill 
0-2 denidiicl 

Acids 

Airlit 


1.01 

1.07 

Bt'ii/oii 

1.37 

1.05 

1.07 

Frtmiu 


— 

0 35 

MhIlml 

1) 3H 

0 H3 

0 K3 

Alcohnls 

n-Aiii) 1 All nhiil 

1.1) 


2 72 

n-Biitvl Akohiil 

1.5-12.0 

i.no 

2 50 

Eilivl Akiihol 

1.0-1.5 

L^0 

2.1 

Methv 1 All iiliiil 

nil i.i 

1 1 

I.I) 

Phenol 

l.f) 


2 1 

iMipropvl Almhol 

1 iri 

1.01 

2 +0 

Aldidivtlrs 

FornialLk'livili* 

O.ti 1 07 

1 Oh 

1.07 

Fill! LI1 ill 

0 77 

-- 

1 lif'i 

Kc-lones—Acetone 

0 5- 1 0 

1.12 

2 20 

Filler 

Fahvl Kthei 

0.03 

- 

2 .V.l 

('•VcllC t 4)I11IM)ll11cls 

Aniline 

I ) 

- 

3 00 

Beii/enr 

0 

0 25 

3 07 

Monoc hkn beii/cMie 

0 03 

0.11 

2 0(1 

toluene 

0 

0 7 

3 13 

Xvleiit* 

0 


3.10 


’ (ri\m in ^ni O-^/khi nl tfiumiial 


pound, ihv iii.suillalioii ol addilirnial iici>s in llu' distill.mon foliinin in unn^rl 
ihr mil rar tc'fl niairrial inav br tiiiith iiiorr piaiInal ifiaii pi't nulling lln* itiiili'ii.il 
to br rlisihiirgrd .is a vapor or loiidrnstMl in a baroinrtrii coihIciisl'i . rillii'i ol 
which Ic*picsriils a pollution piohlc'in. 

As a (General rulu, if a (In'innal plant is pioiliiiin^ iiioi^aiiit lin^niii als, 
prccipilatinn anrl soliils/lif|ijiils S4'pai.jliiin ri|iiipnieni aii' usiialK usrd ior lliu 
Avasti* irralitUMii iiprniiioii; ii haiiilliii^ oiganit ihuiiiiLals, ruinoval ol or^.mn s b> 
adsorption on aLtixaiud tarhon in b> digestion in an arlivaltMl sliid|re syslL'in is 
almosi alwa\s rec|niri'd. I In* ni^anic rrsidurs jirrsnit a difticull probk-ni in that 
many ol lIil'IH arc not casih di^csteil hv baiicria, and soinclinus a foinbinalion 
ol bacterial digestion phis activated carbon adsorpiion is lecpiiied. 

Table 213.''^ lists a lew orgaiiii lompouiids toiiiid in wastes lioin theiniral 
plants where these materials are maniifarliired. For tbc' oigaiiii aiids and alco¬ 
hols shown on this list, the BOD is iisuallv over nl the ('OD in ihe rhenreli- 
idl cixygcn demand, and suth wastes are anien.ihle to liiologuul iligeslion in an 
activated sludge svsteni. Beii/ene and its close relatives .ire usuallv impel vions to 
hiolcigical altatk and must he remtivetl by stripping, adsorpiion, or both. So in 
many organic cliemiLal plants, il a wide variety of coinpniiiids aiioss the spec- 
iruin ol active groups—alcohols, aldehydes, aromatics—is prc\seiii, the waste 
may lequire both biological and aciivaled carbon tieatmenls. 

In any case, the pollution control engineer must be aware of all raw materials, 
intermediates, and finished products produced, rctogni/iiig lhat they may be* 
I'riund in the r/Tluenl. He should lx* familiar with the loxicologiral properties 
and tolerance levels nl i-ach, and their potential ell'ecl on the receiving stn*am 
nr the waste treatment plant. 



ChMiriul Induilry 2M 


SUGGESTED READING 

ShiL\t R II i hnniiul ltiflu\hu\ ill l ri VliCwi iw Hill Nivi \fiik IMb7 

I S Fn\ii iiiiniLiilal Ti nltUirjii A|;i IK) 1hMlnpmii}l IhuumnU Uu Mtqm Ptad 

Hiu 1P\ MO/l 74 007 i MiTih li)74 

I S 1 iiMiriiiitu ntjl I’liilLi rinii Agi ni\ Ih thpttnnt DmuttunI ftn tht Mnjot i)f^ann PtmI 
flits Ll’A nn/1 71 oni) I Mmli m74 

I S I mil luiiiiLiil il I'liJlLi iKin I)f ftolmtht Ih f iiiMftit ftit thf S^nthtlu Rt\in\ I FA 

11(1/1 71 OK) a Miiih 1071 




Chapter 27 

Coke Industry 


\ii LssLiili.il law iii.iiciial loi llii uiiii l)lasl liiiaiuc aiul iUv lasi iinii 1 i)iiiilIi\ 
IS < iiki, wliifh IS |iinrlii(c*il fniin umI hi thr I iiiUmI SijIl's al a lalL dI 
iiiilluiii Hills piM vt-ai C fiki IS till sf)uitL‘ III hcilli t'iit‘i^\ aiirl Lailiiiti liii iluiiiii.il 
iciIluIiiui in tlir blasi liiinait, iii wliiili ii is iiscil al a laic (it appi riviiiialuU 
0 5 hill pi-i hill n( linislu'd imii In liiiiiiili> iiipnlasil is iisril as a liud liii iiuhin^ 
]H^ linn 

Klasi iLiinair i nkr is inaniilaLlui l*i1 linm laiifiilh blf^nilrd slocks ol lii|:(b and 
low volalilily dials 1 Iil' iiii\ is irioiind. cbai^c^d lo a luiii.uL, and liLaird Joi 
appi oMiiialL'ly 18 Iioliis at aboul 1800 2000°! (0H0-1100®() to dii\i‘ oH 

inoisliiiL and \olaUlcr inallL'i At ihv rod ol the cokiiifr pi-mid, iiuandusLunt 
loki* IS pushed liom the luinaie into it'cei\in^ lais, i|utiiihcd with walt'i, and 
sent III the blast iiiinaic- oi to olhei indusfiial uses 1 he hnisJiLd pioiliid is 
(ontioiled by laieliil seleiliori ol law inateiials and lhioLi|fh the pioiess steps 
to piodiiie a laibonaLeous pioduLl siiong enough to a\oid l lushing in the blast 
fiiiiiaie Ol iu|}ola, and pine lmioli^Ii to a\oid tiaiisiniiiin^ unwanted impurities 
to the ptodiiit ol the blast liirn.ue oi cupola 

Aiioihei vaiietv of coke, pioduieil In the petioleiini iefinei\. is used for 
other pinposes, suih as eleiltnde nianiiiacluie 1 his is lonsideied a lefiiieiy 
n|K'talinn aiid is not inLlndcd heie as part ol the loke industis 

Because coal is a lieleTOfTenuus niixtuie oi aniorphoiis carbon and a \aiiet\ of 
oi|^anif ihemuals and inoi^anii mineials (ash) the loklll^ process yields not 
only coke but also a vaiiety ol by-piodiictb, as shown by lable 27 I 1 he inte¬ 
grated Hike plant ts usually broken down into two iiia|oi areas, tfie coke plant 
Itself, and the by-pioduit plant, which i cm overs tat, amriioiiium sulfate, and light 
nils 1 he by-produils plant refines the light oils to piodure such \aluablc 
organic ihemuals as bcn/cne, toluene, xylene, and naphthalene 
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TABLE 271 Products of Coke Plenl Operation 
[Based on 1 ton of coal (0 SI kkg)] 
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1 -inn 111 (hio k^) 
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COKE PLANT 

\ laif^c in\eiiU)i> 111 hi^h .mil low MilaiiU coals is inaintiiim il al llu plain siu 
paril\ loi (ciinoinic nasoiis aiirl pailh in iiLiniil liliinljii^ iil niLriiiiing coal to 
iiiiniiiii/t \.iiiaiioiis in r uinprisiLioii and lo pi i mil lmiiisihi; i|iiiilii\ uiiiliol 
ovti lilt iliat^i aiirl iluittnii ilu hnishtil piorlud \ ispical lokt plinl pio 
tcsscs 2000-1000 ions (ISOO IbOO i) iil irial pt i ri.n anil nia\ sioikpilr a 10 hO 
^la^ sii}ipl\ I hi sc MI al ^1 aiU s ol loal aic liliiiilicl 11 iislit il lo ihoiii lO ini sh 
aiul lianstiiiLcl to a sioia^t Inn hii iliiis>in^ 

1 111 inking opLiatinii is c u i k il ciiil in a hariiM i>l 10 100 incliMilu il loiiis 
dLsii'iuil hi pi (null iLlainilv uniloiui pioiluuioii ol iinislu d piorliiils and lo 
itioMi liLal 111 a wa\ that niiniini/Ls iinl rt ipiii i nu ills Ol llu 10 000 12 001) 
lu It ol ^.is piodiiiLrl pLi ion ol loal (liai^id (11 "i hlO iiiVl) ahoiii 10 "lO^ 
IS leliii iKfl as liul lo the i oki iuliis I i^iii l 27 1 is a siinpli si he in itii ol i r oki 
oMii shriwin^ llu intii iisiM and ihi it^tiuialiM hiiikwoik ustd lo icilaini 
heat and nuniini/L liiil i nnsuniptioii 

llu inLii (hanilui is widii at iht dischiiji;t tnd so lhal wlun llu loki is 
piislud lioin the o\ni ii will iioi hind Ivpnalh rlu o\tn is appioMinaiLlv 
Ir (10 111) loni* JO I") Il (1 4 1 in) hu>h and 10 20 in (J’l 'll) cm) ai llu 
pusher tnd aiul ahout 2-4 in ("i 7 cm) uuki al ihc disihaii’c end 

1 hi hlindid iiushtd loal chaun is lid in tlu omiis h\ i Lhiigin^ lai 
iiiciuiiud oil llu lokc o\tii haiuiv and iia\(lin|r linin niu min hi ilu ollui as 
iU(.d(.rl (li^iiie 27 2 ) llu c\il( of ihar^iii^ inkiii|r nirl disi litir |;in)r is illiis 
lialLil 111 lijiriiit 27 1 In iiiiiiiiiii/i an pollution dining (haI^ll 1 )* luw plains 
alt liLin^ lonstiULUd lo piovidt chaigiiu; lliiontrh a pipi liiu iaiiMiiL> pit 
hcalLil 1 oal m a fliiidi/id tondiliriii 

Dining tht inking pi nod ihi loki min gas is lolkilLd thiniigh asiinsioii 
pi)us at tlu lop of thi mill siiiihhcd in llu gas ciilltiiing main wiih weak 
annnonia lic|iini to lemoM tai and disiliaigerl to the hv-pioduits iicovin 
npeiation I he hiating gas is bur mil and the piodiirts oJ Loiiibusiion pass 
tinough flues on both siries of the oven finally passing ihiuiigli a regeiiLiatot 
When till legenerainr bLioincs lint the flue gas is rlivetltd to a sticind ic 
geneiainr, and the hist, heated te-geneialni is iVien used lo piiheal an in con- 
sene fuel Ihc flue gas leinpeiaiure is taiefulU iimtioiled to avoid nveiheating 
the coke chaige 

At the completion of inking, ihe o\eii is isolated fiom the gas mam and thi 
ineandesienr coke is pushed into rail lars foi piniiifit riansfer lo a t|uenih]ng 
tower }lere, tjuenrh water showers the eokc to tool it and piesent flurthei loss 
by combustion 

BY-PRODUCT RECOVERY 

Die coke oven gas is then professed inr reenveiy of valuable b>-pn>duLts as 
shown by the How diagram in f iguie 27 4 Depending on the eapaLity of tht 
plant and the salue of the by-pioduets, each coke plant may decide on the 
extent to which recovery is ecnnomieal Ihe diagram shown icpresents eom- 
plete lecovery, but this may not be practiced in every plant 
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FlQtira 27,1 (.nke ii\en, shnwinf^ u»iii|ile\ ariangrmeni 'if flut's Ini lioating iht fu ii)n\eil c«»al ifi coke, and legt'neia- 
ti\e brickwork for heal reco\e?\. ^Cnpy-n^ht I9fy4 h\ L'mftd Staffs St*el Ci*rpii\uthm } 
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Figure 27.2 ( .n iirlinfrtlu inp i>f tiu coke oviii h.iitt i\ LuflidifTL mal u. 
ill** mens f( opr\}ighl 7^6/ h\ thninl \tatt\ Sht! ( or/iumtwri ) 


Ilu' gas IS fiTsl (fi«)lpd In s])iaMiig with weak iiiiiiiionia l]i|iinT In a SLiniitlaiv 
loop, lh( weak aminonia liquni is then lonleil eitlici l>v hear exthangns oi h> 
an iiprn iLiiiLulalioii svsiLiii iim (ii|MiiaLiiig a innJiiig lnwc‘i Siiiic the spia\ 
crjuliiig (iinrlciises iht iiini^ture oiigiiiall\ iii the tiiak ihcie is an iiiiiiasi in llu 
volume of the weak ammonia liquoi Some liqiioi is hlerl nil ai a snarls lali In 
maintain ihi iriatiiial halante ol ihe ssstein 1 he gas is lompiesseil anri then 
passes In a tai preiipitatui. an electiiistalif flesict loi tai rtiiunal Iht tai 
iioTii the pieiipiralriT is toiiihinecl willi that Uetanieil Irom ihi weak aminonia 
liquni anil is a useful by piodiirt, going into loofing jiiich, asphalt shingles, and 
(ithei piodutts 

Tiillowmg loohrig, ammonia is lemineri lioin file toke o\en gas b) washing 
with a letiTculatJiig siilfuiii and soliition I his liquiii is sent to i lystalli/ers foi 
the pioduciion ol ammonium sulfate Hit gas is tlun seiil ihiough a hnal toolei 
where it is loniaiteci with tool water to reduii the tcmpeiatiiiL to less than 
(jH°I (20°( ) so that the wash watci will reio\ei naphthalene Irom tht gas Iht 
fi>ol gas IS then washed with a wash oil. which extiatls adriilional bv-piodutl 
hydrcKarbons Finally, the gas is sent lo a siruhher (oi lediitlion of siilfiii whiih 
may lx* teqiiiied lo meet an cinissioii standaids when it is used as fuel 

I he wash oil loniainiiig hydiueaibcins may then Ih* piocessed lor sepa¬ 
ration of heri/enc, toluene and xylene, as illiistialed by tht flow sheet in Fig¬ 
ure 27 5 


UTILITY REQUIREMENTS 

Because of the a\ailahiliL> of excess hy-piodiict gas, the cuke plant usually 
produces its own steam to drive tuibines u&ed for crrmpiessing the gas Ihe 
plant may also geneiate electric power loi its own needs Usually the iiirhmt 
exhaust steam is used in the disullatiim requned lo separate ben/ene, toluene, 
and xylene 

Appreciable water is needed by the toke plant, jninupally for gas tooling 
Ihis may tome tn approximately 1000-2000 gal/lnn (4-B mVl) of pioduct In 
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CHARGING, LEVELING AND PUSHING OPERATIONS 
IN ONE COKING CYCLE OF A BY-PRODUCT CONE OVEN 



a THE ODAL FRaM THE LARHT HOPPEPIS HAB DROPPED INTO THE OVEN BHAMBER, PORMINB 
PEAKED PIUEB 



a THE LEVCLHIS DOOR AT THE TOP OF THE OVEN DOOR ON THE PMMER SIDE HAR BEEN OPINBIh 
AND THE LEVELMB BAR ON THE PUBHER HAB BEEN MOVED BAGR AND FORTH AOROBS THE 
FEARED GOAL PILES TO LEVEL THEM THE BAR NEXT IB WlTMBRBIBN FROM THE OVEN.TIC 
LEVELINB DOOR AND CHARBINB HOLES ARE BLOBED, AND THE OOKINB DPERATKIN BEBINB 




D OOKINB OF TIC DOAL ORIOlNALLT DHARBED INTD THE OVEN HAS BEEN OOMFLETED iM ABOIT 
W HOURBI AND THE OVEN IB READY TO BE ”FUBNED" TIC OVEN DOORS AlC REMOVED FROM 
EAOH end, and the PUBHER, OORE BUIDE AND BUENOlllNB BAR ARE MOVED INTO POOlTION 


RAM DF PUBHER 



E THE RAM OF THE PUSHER AOVANOES TO PUSH THE IROINBE C C M T DCC BUT IT TIC DVBN, 
THROUBN THE DDRB iMBE AND Bm THE B UE N OMBIB OAR 


Figure 27.3 ( yilt ni idLl mtn |iiiMliiLniin (f in I nited Stal{\ 

( orpfiratwn ) 
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ind wkiiL hi m PH 249 6fi! 



Figure 27 6 I inissirms hnmilu lokc ri\r n ilistli (lining ihi pushing iipci Liiiiii irt 
(iptuiiil In this spill illv [Usi|riitrl mtihiU iiinl tli it li iiispiitis tiu tuki tii ilii f|iiiiirli 
town a riur/M-v tf Iht iliujntt Mat hint Cfin/wjiy Hattani^ Kuhn lX ( umlMH\ ) 

atldiiiuii U) u ilei is iisirl liit loki ijiictuhiii^ intl liii iddIiii^ oi 

utilils iumIiiirs siilIi as iii tom|jitssf)is inrl [lunip iiuls 

\s HI 111 im h\rlifM iThrm pinccssmg plmts priKiss u ilLr Iuiihius loiiLiiiii 
iidteci ti(U only uiih ml hut ilso with aniiiionia pluiiiil iv limit ami Lhio 
L>aiiiris riit ini]fii snuiiLs ol nisiiuitii iit (//) the wl ik aiiiinniiia lii^uui 
from tht pninaiy cuoltis (6) blrmdonii lioin irK)liii|:; towns iistri tilliti iliiLLtly 
or iiirlinuly Ini ^ is coiilin^ (i) i niitannii'iitil t nriili iisatL linin slcairi ilistilla 
lion nl snini nl the hyciinc uhon fi iclioiis Ir/) slot igt Lank wiIli rlt in inci 
(r) slot in n itLr Siion^ nastts th it m ly Im sLL^ic^itcrJ ioi sipiialt disposil in 
clurk icid and laiistic usid in li^ht oil ptoiissin^ sptnl soda ash soliilifin fiorii 
the sulfuT rciiiosal Innii and txLtss lupiois ftoiii tIu iinnioiiiuin siillali 
Kcoytiv pi Of css 

BIOLOGICAL TREATMENT 

The niak inimoiua li[|uoi may be st^iii^altd iiii sepaiair irealinent thiiiiigh a 
bioht^iial system nhiih has ptnvcd to In an eHeiliyi methoil iot it dm lion o( 
both phenol and ryainde 

Beiaiise ol the lelatiyeJy hif^h iei|iiiieiTitnt ioi qiienrhiiijr water about 1^0- 
200 gal/lon (0 6-0 H of loke this has usuall> been used as a point lot 

disposal of the siiongei wastes sueh as excess weak ammonia li(|uiii wliuh 
would othtrnisL \jl difliiull Lo preness to a level aeieptable for hnal disehaigi 
Lo a recetsitig slicam Iheie is rcmsiderablc heat in the coke pushed from tht 
oven and some plants reclaim ihis heat by using air ccMiling rather than viatci 
quenching This pi cheats ihe air and icduecs fuel consumption 

The ptohlems of both air and watci pollution control are foimidahle in tiu 
coke plant being roinpliLated by tht tiaruie of the law materials the design of 
the eoke ovens and the economics of by pioduel rteoveiy tach plant lequires 
individual study to anive at the best solution Solving the piobJems will lequire 





TL'volutiondry dcvHopments in rt:Lhnolngy, hiilh in trims iif pnlhitinn control 
faLilitirs ancJ also inodifiLalion of ihr pitxrss iisrll Fui example, cokr oven 
fiiinrs released duiinjii the piishiiifr step air licin^ captuird spc'cial emission 
Loiuiol lais posiUoneil on the lails at ihe men hein^ discharged (Figure 27 6) 
WheiL the lokc plant is pail ol a steel null, then iiia\ lx oppoitunnies lor dis 
|)osal ol some ^.istes thioiigh sleel mill opeiaUons suih as sla^ (|uenihiiig 

SUGGESTED READING 

Ml 1 1.11111011 111 (til ) I hi S/iri/irnc' ntiff /ifritinji^ rj/ Sfo/, Slli iil I iiiud St.iTis 
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Chapter 28 

Food Processing 
Industry 


UiM.uisf 1)1 US iiUiiiKiir iDiiiuninii wilh ilu |nililit IumIiIi. ilii IdoiI mrlusin lias 
li.iil a Irinir liisini V ul sin \(‘illaiii i i)( its ailii iiius In Inial, siau*, .mil Ininal agcn- 
iii's t DiigMss passLil lilt* mi^iiial loDfl it Diiijr 1 Iial Vi l, vviih siih- 

SLi|Lit‘iit li'^islalimi, iiinnnls iini iinU tin iliriiiiials lli.il air cliiniU ailrlril in 
Inriii -sail, srasmiin^s aiul )ursri\ali\rs hm alsn siiih iliniiiials as si/iiig in 
liiDil \\T«L|) ilial iiia> inriiirilh liriniiir Innd aildilixrs l)\ i miliiclin^ liHitl 

III adrliiiiin in ilu* i lost i oiili ol nl ilu* I I) .iddiimnal sin \ l ilKmi r is ini])nst‘il 
nil ITU al anri |ji)iilli\ piorrssiiiii plains ihinii^li dll I S Drpai Iniriil ol X^iiiid 
liiir \n lIumiiii.iI i an hr hir)ii|;lii luin a inral ni pmilliv |)imrssiin’ plain iinlrss 
.ippi n\ ril In i1il I SI) \ loi ns miriiflrfl usr, siu li .is ri|iiipinrnl i liMiiiii^ ni uatri 
lUMlnirni 

Hri.iiisi ol tins ilosr i ririilahon, dir ilionrs ol ilirii.u.ils usril in v\,iiri ni 
uaslrw.iiri liriiliiirni max lu* iiimr liniiii il in dir Innd iiidiisiiv ihaii in ndiri 
ma|iii alri-i nnsuinin^ inilustnrs 

llitir ail m.in\ sr^mrins ol dir Iniiil plntrssln^ indusiix, nl whiili I hi inajoi 
xx.ilri-iisiiifi lalr^niirs iiiiliidr siii’ai i.iiu anil l>rrt pinirssin^, hrxria^L ni.inii- 
lalllJIln^, Ituit anil xr^rlahli |)imessing, iiirat anrl poiillix, i;iain pinirssinj;, 
hits and nils, and ilaiix |)indiuls 1 hr viatn i(jiisiiniptinns ol ihrsr SL^nirnts arr 
slum 11 in labk 2H I 

Mdiiui^li dinr air wiilr vanatinns in ihr pinirss sirps in r.ii li ol iJirsr indus- 
iM sr^inrnls. dirrr .nr a luiinhn ol innimnn iinil n))riaiions Ihr distubution 
ol wain in ihr plain i an br pul inio tlnrr lalr^oiirs pioirss wain, lonling 
wain, and boilri Icrdwalri Ihr pniriila^e riisiiibiilion vaiirs tonsidciabU 
Iioiii a hif^b 111 aboiii b0^4 iisiil lin ptoiessni^ in dir meat and ]u)ulin inclusiiv, 
IojIow nl onlv 1^)*^ in dir sui^ai indusli> fIo\vr\ri. 7*1'r ol ihew«nri usril in dir 
sLij^ai iniliistiv IS Ini innliii|r puipuses (anil lain brimiirs pi mess waler), with 
onlv 23brin^ used in die meat and pniilli> imliislTv Most liuul pmiessing 
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plants gcni'ialc sieani Im LiMikini;^ 01 pi messing, .mil w.itri usimI Idi bnilri 
make-up laiifires iiiiin ahnut h'r ol ilir tola) 111 liiiil anil \f frtlahli pinrrss 

ing, to alnmi in iht* fats anil nils srirmnu 

PriKcss wale I iisrs inihnlt u ashing iiJ lau inalriials aiul pi miss iM|iJipiML‘nt 
innseviii^ piiidiurs fiom onr piiKi-ss aiea lo annlhri. rlissnlvin/; or ixliailing 
anil aclililioti in the lirnshtil pioiliiif ( nnlin^ w.iui in.i\ In usnl in opt 1 alt 
it.'fTi^cialinn ci|iiipniLiu, in cniicli use steam linm evapnialnis 01 liiiliiiiis ni In 
LiNil picuess ei|inpment siiih as lompitssni s, inokeis, .mil eiifrint piikils 

vSieaiii ina\ he ^eiieialed tni (nnkln^, Ini lieaiiii^ evapnialnis, ni loi spiUi 
heating In some indiisiiies ennii^li sleain is ief|iiiieil lo jiislilv jiisi.illaiinn nl a 
luibiiie 111 exliacl pnwti linm llie steam htloie il is sent In pi mess 11 ilu sit am 
tan tome into diieit iniiiail uiih hind, ilieic aie siiicl limits on tiumuals iisiil 
ioi hnili sleaiii and iMiilei want 11 i.ilineiil and on then inaxiimmi lonieii 
tt Jtinns 

kllow 1 n^ the piiULSsm^ nptialioie m a hind plain is lulpinl In an imdei 
standing nl wale 1 use, watei mii> he used st i|uniliallv loi seveial puipnsis 1 ni 
example, in lIu su^ai iiidusriv, ulncli liasaveiv In^h 1 etjuii i nu iil Ini lonrluisei 
inoliTi^ walei heiause nl the evapniaiinn and 1 niiicnlialinn nl svinps, ihis iniil- 
ing watci IS used Ini washing taiie 1)1011)7111 111 hniii iht lields In Inn il is dis- 
ihailed, and il is lalcj^nn/erl as inoliii)> walti lalhei than pi in e<is wain 

beiause iht pinhlcms nl cnniini; walti and hoilei waiei iieaimeiil 111 ihe Imid 
mdusliv ait siniilai tn nihei mdustiies, this ihaplei will deal speiiliiallv wiih 
pi mess Wdtei, with some rnnsirleralion nl its tniilamiiialinn and hn.il liealmini 
lot disposal 

THE SUGAR INDUSTRY 

1 here are iiianv ])tmess steps in the sii)>ar indusliy (some ol whith ai e similai lo 
inrn pi otessni);) As the lai)7c>si lond pi 01 essiii)7 walci iisei with a vaiielv id 
process npctalmns, ilie su^ar pi messing industrv olTets a goml exaiiiplt of watei 
use 111 food ptmessing 

Sugai (smiose), a ihemual ilassilied as a disaiihande with the Innnida 
(^i2H22()ii. is derived fiom two ma|r)i cinps, siigat lane and siigai beets (.aiie is 
Lultivated in linpual and semi-liopiial cliinaies (e g , Pueilo Rico, Mniiila), while 
beets aie raised m tem|>erate climates (Idaho, (.aJilninia) In the Ihiited Stales, 
about 7 million tons ol sugai are prmliited annually cninpaied tn win Id pioduc- 
tion nl 75 million tons eaili \eai. In the United States the rnajoi sijgai cane 
piixluteis aie Louisiana and Moiida with Hawaii and lexas also important tnn- 
tiibiitors Beet sugai pimliiition is pnnupally in the westein and noithwestetn 
states. Uane exceeds licet sugar produttion. Because these nops spoil lapidlv, 
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till) lainnot be stui ttl jnrl ihi piorhiLtion nl stifrar is seasonal »\uh a mill i)|icial 
iiiff d prfifliution lampdi^rn ol abuui 120 dd^s i» the plant liatvest 

SiJLrnsc, whiih Lonslilults up lo209f id tin. weight id iht laric t)i bid is read- 
ih dcf^iadtd by haitciial aition 1 hi fust slip in llii dL^fadaUon is llii produi 
tiiiii III II1MII sugars liiiiiosL anil |;lui.ijsi 

( , ^ H ()-*t,ll,.0, + („H, t), (1) 

>ULrrMi liiiri «c ^lllllSl 

JliLstiiind slLpislbi piiiiluLtioii nl laLlii aiid (( ill, (>4) undi i tin t niirliliDris 
ptisailing in Iki t sii^ai nianufaiitiiL 01 d(xtiaii(( illmO ) multi ilu Lniiilitiniis 
iDiiiinnii 111 lln cam sii^ai mills Since this dc^i idaliini is piiiiiaiib laustd bv 
bnuiia 11 is mipoilani tn niaiiuain inntinl id inuinbial organisms tin oiigboiit 
lliL mill 1(1 avoid loss nf piridiiiuon id siiiiiisl Miiiobial aitiMtv also Lauscs 
jiiofissing ddbiiiltiLs such as fillet blinding sliint InimaLinn anrl odnis 

\ fiasic flnu diigiam afiplviiig in tain and bed sugai priHcssiiig is shimn in 
1 igm i 1 

\s till imps aiiivi It till mill tliL\ inniain soil and liash aniimiilaled diiniig 
tin fill VI sling iiptnliiiii In thi lasi id Lain siigai harvcstiil b\ pusheis siinilaf 
In biilldn/Lis tin iilust iiiav lonsliluic as iiuuh .is 10 id llu wtigbl id nia 

U ri il d( livLii d In llu mill I Ins is iini iinicb iticil maUiial il iLpitsLiils a niajni 
sdintL cd bn Id lad 11101 ulaiinn siint soil oigaiiisms ait piLSiiil with appniiahli: 
111 il iiiaiiii linin buds lofUnis and oihti siii ill annuals tliai li\c nn llu ciop 
I inds Hll lust id iliis washing is a ciiinal opLiaiioii to dn juipaiaiinn id law 
111 itLtiails going til liitilui LVliaclioii pioitssLS On lln ollm hand washing 
shnulfl not hi cyussim as tins liads In loss id suuosc in ihi wash waUi 
Mrci washing smiosi is c xltaiUd iiom iht law maleiial In laiu sugai mills 
tins IS usualh doiu by iiiisbing anil milling Ibi washtd ml i.mc stalks piodut 
irig(i|ui(f lonlaining appioximauIv 12 Wi sumosl In iht biitsiigai mdustiv 
lln bills ait slnid inio long naiiow pncis (losstllts) and tin sumosl lv 
ti iLltil b> waslniig with waUi in diiluscis al about lh0°h (7ir( ) I lit 11 is giow- 
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in^jT intrresi in Lhe use* iil ilittiist-rs iii plaice nl iiiisheis and mills m (diiu picMi^ss- 
iiig to iL'duit' inainleiunie c fists and inipime vitdd 

The- lain* stalks air piessrd altei inilial Liiishiii^ and nnlliiig tn irilaim as 
niiuh SLigai as pnssihle, and lhe UMiiaining snLids (callrd hagasse) an- iisiialh 
burned iii boileis in gL'iinait* steam. Bagasse iiia\ alsn In- used as a i<i\\ iiialeiial 
loi siidi pindiiits as iiisulatinn iMiaid ni ainusliial lile In llie beet siigai indiis- 
ri\, lhe beet pulp lesidue is ijuile high ni pioleiii. anrl il ma\ be inixeil with snnie 
1)1 the plain pindiiLlinn nl iiinlasses Ini tattle feed 

As wilh must filhei naluial fitndiicls. iheie aii' a xaiielv nt rlumifals ntlu-i 
than sill lose in the laiu and Ix-eis 1 hese must be itiiinxeil to ina\mii/L the 
Meld 1)1 sugai, nnmim/e the piniliulinn nl molasses, and leduii tiisii*, lolm, 
and odiii piniliif ing impurities lame is iisi-il In pienpil.ile llu‘se impiii iiu s, 
anil the lime mud is lemoxeil h\ i nnxeniinii.d snlirls/lii|iiid sepal •ilinii cli mi es 
lhe mud is washed in leilaim as miiih siigai as jmssibli- and it niti\ linn Ik 
(rf) lebuiiud In piiirlute liesli lime. (/)) letuined tn llu fields Ini ils Itilili/ii 
value (it nllen iniiLains sigmfitant plinsphale) in (r) si nl li> landlill 

1 he pill if led |ui< e musi be i niii entrateil In pi niliii i a lliii k sm up lhe lin m nl 
sugai nllen used b\ iht beveiage mrluslM ni Inpinduii .i Livsialliiu pindiui 
lhe juite IS tniiieiitiaierl 1)\ exapoialinii Siiue it tnniains lakiuni liniii llu 
lime tieatmeiii, a cnmmnn pinblern in the mdusiix is llu Inimalinn nl siali iii 
the pans (simple steam-]ai kelerl txapnialnis) ni in llu- midliple lHi ii ix.ipnia 
Inis \ni)(hei inmmnii pinblem is Inaming as lhe jiiuts bet nine iniuenti.ilid 
duiing exapniatiiiii 

lhe flnw sheel nl a laiii siigiii null pindiiiiiig laxx sugai is shnwii in I igiiit 

2 I here is uidespiead use of steam tliiniighnui llu ])lant. sn tiu bnilt t liniisi 
IS a siginfuaiil fatlni m einnniiiual pi ndiit linn of sugai Maiiv sugai mills npi i 
ate irileimediaie piessiiu bnilers and pindiut elf (liltal pnwt i lliiiuigh Uiibn 
geneialnis, laking extiailinii sle.ini linm lhe luibiiies Ini npLialmii nl ptiiis 
evapniatms, and mslalli/eis. anil iii maiiv lases i.ikmg p.nl nl llu sii.un 
Ihi luigh the liii lime tn a iniirlensei ( nnliiig watei liniii hnlli tuiluiu aiirli\a[)n 
lalni tniulLiisei s inav then he used as pi nr ess v\alei 

Because die npeialinii ni a multiple elleil tvapnialni pindutes mnit Wiilei 
as inndensale than it cnnsunies as steam, tlieie is iisualh an exi ess nl inii 
deiisaie av.iilahle as boilei lei-dwatci fliis cniitUnsaie idteii pic-seiils speual 
piohlems in rhai it is likeK in be high m •iminnma, •iml il ma\ peiinilualb 
I niilam snu nse ni inxeit sugai I he inti niluttinn nl sugai mtn lhe biult-i t|mi kh 
piiMfutes an and tniidilinn, sn taielul mniiiiniiiig nl the inndensiile svsiem Ini 
sugai cniueiii is impnilant in lhe pioleilinii nf the hnilei s\slem 

lhe pnllLiliriii cnniinl pinhleiiis nl the sugai mills are iiniisu.il ht-i.iiise nl llu 
seasonal nature nl lhe iniliisli> 1 he campaign is nsualh diiinig lhe ili\ mniiths, 
when siTearns iannul assimilate anv exiess nigaiiu loading Sn the mills ininimi/e 
rlischarge finws h\ lecMliiig as enmpic-teh as possible, and the wastiu.ileis aie 
tieaterl hinlngu alls and iriipfiiiiideci toi soldi exapnialinii ni i null oiled ilis- 
ihaige when stieam llnws ictuin in acceptable idles 

THE BEVERAGE INDUSTRY 

This segrneiii nf the fcNid mdiistiv is annlhei nia)i)i cniisiimei nl watei, some ol 
which becomes pait of lhe liiial prnduil lhe balance is used loi washing nl 
Ixmles and Loiiidineis, lonlmg nf compic^ssot s and i etngeialion eijiiipment, and 
niakc'up In Imileis pirHliitnig steam used fni cooking, evaprnaliiin, healing nf 
paslcuii/eis, and space heating 

lhe wuier used in the prodiici nitist, of course, be potable, in addition, llieie 
are standards wilhin the mdiistiv ielated to the eflecl of watei rjiialit) mi die 



A Mo a':5Ps B Molasses 



Figure ZB.2 Pioiess chart (»t une 'iusrjr mill iCuntf * Ri (fumit 




















Lisle tii the finished heveiage In ihe suit dunk indiisiiv, fm example, it is inm- 
mon to lime soften the watei Ini haidness and alkaliiiilv rediulion, siriLe alka- 
litiity deslio\s tlic Havui id aiiilic iiuit evtiaLls In the lime solleneis, hieakpuiiii 
Lhloiiiiation is also piailiied Ihe hmsheil uatei is filleierl aiirl iheii passed 
thiniigh aiiisaied laihon as a final pieiaiilimi Im ihe leinrnal »1 thloiine niid 
an> lesiilnaf lastes ni odnis Must soil [funk boltlmg plains lia\e hnl watei hoileis 
III piovide the heal leijiiiied loi holtlt and lan washing 

bieweiies and dislilleiles, on the olhei hand, opeiaU' then own steam plants 
because steam is ie4|Uiied loi UHiking and loi ihe (i]>eialion of e\a}ioialois In 
nian\ nl these plants, steam passes ihimigli Uiihiiies in geiieiaiL pnwei, exhaiisi- 
iiigtn lower piessiiies Ini pi mess npeiations 1 fie iiiiil opeialioiis iii these plants 
aieipiile similai lo those frnitid in iheclumnal iiiiliisii\ in piiiiiiph, hnl spri lal 
designs eiiahle ihe ei|iiipmenl to be leailiK cleaned lo pi(‘\eiii iuiLinhi.il i on 
tammaiinii of the piodiicl and to aMiid iisks to ihe piildii liealili 

Speiial designs nl piping .iiiil fitiiiigs, siuh as Iniig-swerp pipe lDmiws, .111 
used thioiighniit the Jiinil indiisli\ because id this need Ini saiiiialion (liguit 
^8 H) liighlN piilished sLiiiiless steel, iiioiud, 01 ihininc'-plalefl sic'tl eliiniiiaies 
scidlihes, me ks and 11 CMces wliiifi Loiilrl ollei a home lot hai lf‘i i.il gi owlhs 1 lu 
caielul ile«ining nl e(|uipiiietn aftei eaili use iiealesa special pinhlcm nl pollii 
11(111 inniiol 111 ihat spcml ihrmiial cleaiieis, cspriialK tliosi* 1 oiii.nniiig hioiulis, 
often inteileie with the pci Ini iiiaiue cd pidluiion loiuiol e(|uipiiit in 



Figure 2B.3 A Idler iiislallatiuti typical nl ihe fcMid 
and beverage indusiiy prat lues Nine the useol speiial 
stainless steel piping and fitimgs fLaurlei'v t>J Cm// 
Rfynolds t,r\pnrrnng Company, Inc ) 
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IVi) walrr-iisin|« s\stems aie unique In the Jood iiiiliistiv and lequiie speiial 
attenlum to water quality: these at e the bottle and i imiaiiUT wasliing systems aiul 
the pasleiin/ei 

In the hnitle washing opeiatjoii, both tleaniiijr and sleiili/atjon aie iei|uiied, 
ilcteigents and biiHtiles ate applied in niatih the se\eiil\ ol the ]iif)bleiii II 
the bottle washei is handling i elm liable bullies, sinie theie is no way of knowing 
whal niighi base been in the bottles y\hen in the hands of the piihlii, ii is 
impoitani to use efleLlive ileainng chemiials I hese aie c|iiite alktdine Hei ause 
ol this. It IS InmefiLial in ha\e /eolile snlteiierl waiei loi washing and nnsiiig as 
this ledufes the driiiaiid lui delrigenis and also gieatly laiilitalrs ihe dianiage 
of the bottle allei iinsing loi spot fiee sui faces 

When siinngly alkaline ileaiieis ate used, these pinvide a bioi idal (died that 
depends both on the length of lime the (hemnal is in lontaii wiih ilii bottle, 
and the Laiistuily of the cleaning soliiiion t\en with this pi nieilion, howixci 
ihloiiiie IS olten applier! to ihr final iiiise \\aiet to msiiri* sieidily 

In the pasleiii 1/ing opeiaiion, as piadict^d in bieweiies, ihe bottled piorhul is 
moved llnough the pasteini/et. passing Inst thioiigh .1 ihilling /one to hall llu 
giowth of speulic s^NJilage organisms \ (oiiliolled ttinpeiaiuic w.irei bath then 
slowly brings the beyeiage to appiovimalLh lh()“l (TO"! ) .mil holds 11 fin the 
time leipiiied to insiiie that the eiilne Linilcmis ol the bottle base been pastiui- 
ized I siially two hearing stages ate used to pieMiil theini.d shoik .md hoiile 
breakage 1 he bottle is then nioxed into a (hilling i ompailinent Indou leaMiig 
the pasU'uri/ei for packaging li is useful loli.ixe /eohli snltnieil waUi loi this 
iqieiatiori also, to axoid spoiling the hollies 01 cans 1 In* lempei.itiiie m llu 
pasteuii/iiig sec non is inainiaiiud b> iiiculatiiig liot \yalei. .md tin i hilling slc' 
tions (.dso staged to avoid theimal shoik) ma\ be lied inio a 1 Doling town and 
supplemented witli a dosed 1 billed-watcM sysieni (logine 2 S 1 ). allhoiigli oiik 
thioiigh ciMilmg walei is Mill widely used 

In the e\enl ol bollle Ine.ikage, these yvaiei systems aii moinlateil wiib 
nutrients (the be\erage). and niKtobi.d arliyiiy m.iy quifklv gi 1 mil ol hand 
Uioiides Ol cldoriiie-liiodispeisant tieatmerils ate used lo kti*p tins midei 
i orilrol 

for the most pail, beyeiage industry wasiew.ilers are h.mdled by municipal 
sewage systems This mas iei|Uiie the plant to mslall ei)iiali/alioii laiililies lo 
iiijilv the coiiipiisiiion ami flow rale lii'lioiise liandlmg ol sriong w.isles, such 
«is dieinual cleaneis, may .dso Ik* necessary to make ilie eipiali/atiuii |iiogiam 
tdlec me 

A nuinbei ol large disiilleries piovicle then own mdependeiit waste liiMlmcmt 
facilities, usually c miyenliiinal bmlngiial Ireatmenl 

FRUIT AND VEGETABLE PROCESSING 

Just as with fliiniing of sugai beets jii the sugar industry, tiailitionally, watei lias 
been the media nf in-plani conyeyaiice cd most fiuits and \egelables 111 tins 
mdusiry segnieni \ol only lias ibis choice becoi c-ioiionmal, but .dsn it proxides 
ddditional beiitdits 111 preyvaslung and cooling However, cine lu the poJliilion 
load that results from fluiiiing, new methods of lonveyaiiie (an, vatuuin, and 
mechaniLal) are now betcimirig moie tomnioii, so washing and imsiiig, wliiili 
may re(]une as much as W/f of the lolal water used in picKCss operations, is a 
separate step, (hading and si/ing are somelinies atromplished smmllaiieously 
yvilh washing 

After the fruits and vegetables are washed, peels are removed m a xaiielv ol 
ways. Steaming or soaking in caustic solutions are the most common, but an and 
metbaniLal peeling are also used l>iy caustii peeling of potatoes is gaimiig 
atceptance within the industry as a means of greatly 1 educing pollulmii loads 



Watei hlaiuhini^ is frrneiallv used loi vegL'taUle pioiessiiig Id iLMiuue an and 
ri) luaih soluble's Indoit' laiiiiing Sttrani blanihing cd \E‘gi-iahles is usiiallv usL*d to 
fksinn cii/>iiifs brfoir fiinving oi drhvdiaLiDii 11 il- hlanihing cITUieni siicaiii 
UHiiTihulcs a signilKaiil poiriim id tlirlutal pDlliition load in Lanniiig npt-iatiDiis 
In I110S1 1 annt'iirs, llir laiis .iir filler! with iiiuiiokeil Innil and ihcii passed 
liiiDiigh a sUmiii exhaiisi bo\ tii eliiniiiale an pieirdiiig ihe ran sealing npeia- 
iiDii 1 he li>nd is iheii iiKikod in the tans h\ tliieii lorilait ol sieain in letoiis, 
whuh aie piessiiie iiiokeis in whnh tans are sLaiked in lacks Allei cnokiiig, 
liii ge \ i)hiiiies d 1 water ai e i (H|L1 ii erl to i mil the i .ins as tlie\ pass tin iiiigli c [inhng 
walii laiials Inn Loiilniuoiis pioduclinn, hDii/nnial iiitaiv lookeis ni.i\ 1 m' used 
111 place cd letinls and c fiidiiig canals, with sliain imiking in the Inst i\lindriiai 
shell and warei c nnliiig in ilu secund I‘\lii laigei iiiiiliiuiiiiis uiiils aic axailalile 
111 pi III ess lip III 'lO.()()() cans iin a twn-hiiiii isile iinhirling pic heal siLaniing, 
c.isc.uh tcNilnig, and final [iinling 

\ riLiriihei id Inml pt iiihii Is ai i ilinked lieJni e lhe\ at e bcilllicl rii laiined.and 
inan\ id these, such as i alsii]). iei|iiiii i rinc enli .iliiin thiniigh e\ apm atiiin id 
w.Llei I mill I he jiiiLe So. lluieari iiiaiiv saiieiies id pi iicessiiig mills used in ihe 
liiiil and segetahle piiiiessing indiislis iiiiluihiig jaikc ti d icinkeis anrl c'sapcna- 
iiiis \ll 111 ihis Iniirl pniiessiiig ei|iiipiiieiil iniisi be kepi [lean, iisualh b\ 
sanili/iiig Willi ililiinnalLd w.iut in ckieigents 

like niiist Imirl iridiisiiiLs tin liiiit anil vegiiable ptiiiessiiis ate living In 
<iihi]il (liv iliMiiing nielhnds in lediiiL ifie pnllutanl lii.iding nn ellliieiil water 
I Ins |inlluiinii Inaclmg v«iiies eiintiiioiisk fiiiiii hiil ivpe id }iinckiil In annlliei 
1 111 I v.iiiipk. 111 the piriiessiiig nl asp.iiagiis die HOD and siispeiirled sriliils aie 
iisuallv litlnw IIKI mg/h whereas in the piniliiiUnii nl whnh keiiiLl inin the 
1 U)I) and suspended sidirls iii.i\ lu sevtial ihnusaiiil iiig/l I he snlid wastes also 
\«ii\ innsiikiabk linni iiiil iiiaiLii.il In aiintlui 

Xliliiiugli inanv catiiieiiis aie seivcd b\ iiiiiniiip.il siwagi svsuiiis, nian\ also 
npii.iU liien nwn waste lieahneiil l.uililies 1 linsi in laiin ai eas wheie land is 
.ivailalile have been suciessliil in using spiav iiiigalinii as a means nl ilispnsal. 
idlLii <111 nriiplishing .is high .is MM'r BOO leinnval One iiasnii spiav iiiig.Uinii 
h.is 111 eii elleilive in the tiiniiiiig iiidiisliv is bet.uisi nl ilu siasnual n.iiuie cd ils 
npLi.itinns, pel iiutliiig disc hai gt* iliiiing di ^ wealhei and .i\rnding llie pi nbleiiis 
id liet/ing ihiil wniild incut witli a \eat iniincl npii.ilinn id spiav iaiililies tri 
I nltl chinales \ Him ikagiiiin nl siiih a facihlv is slinwn iii f igiiie i 

Mlliiiiigh .11 livaled shiilgi. is .in Lfleilisc MLaliiii nl pi mess, sli niig wasle fi nm 
Ininl pi messing iii.iv be leiinenlecl pi mi In Im.il .uinbic digesiinii in inipinve 
nvciall BOD iLrUiiiinii Ibis is es]KHialb use I ill in li.ini|]iiig Iiiiil pi messing 


Spray applicalion Lvaparalion 


Slope? 6 7d 


Gravv and vegetative litter 
Sheet flow 



Runoff 

^ collection 


Figure 2B.5 Spuv distnhiitinn of loinl piiMi-ssiiig wastes in slopcrl 
grassland with inlltMiion id Heated iiiiinll fhis svstetii is very efhcicnl in 
lemneraic' flim4ii'*^ ff «/ s #■ » 
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Figure 2B.6 Him ihciil Im h iiji kingliiuisi (iPi ( untuitl \r) (iS 01 0031 ) 















wastes hetause ariaerrihic f'erincntalirin prcK-eeds rapidly and grtatly rtdiiit's ihe 
load nil llu* aenihic polishing unil. 


MEAT AND POULTRY 

A ^riicraiion af^ii, (iUrl Sanclliiirg lallrd (Itiica^n hiiuliei Nir ilii' world;’' 
lnda\ its ^rcai stnrkyards art* almost tniply. Einnnmics and ciivirnnmrntal run- 
Irol problems have riimetl the meal iiulusliv rinser to the animals' ^radni; lands 
and fuedloi.s. There, the parking houses purrhase live animals, wei^h them, and 
keep them lor sexeral hours or overnighl in “inw }>alaLes," ni hi>lding jieiis, for 
proLessing. 

'The diverse steps iii meal pimessing are shown h) the How sheet in figure 
^H.Ti. Toulliv proiessing is illuslialed h> Figiiie 2K.7. 

In the first step ijf meat proi essing, animals aresluniied hv eleitrii al, merhani- 
lal, oi soineiiiiies rhemiial means helnie slaughtet. Laige parking houses fan 
slaiightei iivei MOO laltle or almost 1000 hogs per hour, w'hile giant poultry 
pioiessois lan kill almost 500 hroileis pci minute. Watei is used s)variiigl\ on the 
kill llooi; their aie Itvo separate drains so that the hlooil ran he rerlaimed lor 
tLiilhei protessing w'ithiuil being diluted hv ileaniip vvatei. 

Rlood IS eilhei prnt essed on-site ni sold to rendeiers lot pioressing. This rnn- 
sists ol evapoiating the watei liom the lollriidal solids hy “dry looking" in a 
sieam-|ar keled vessel iii liv diieet steam loiitart. 'The i oagiilated hloofi solids are 
then dewatered to about 57'/r iiioisUire eilhei hv solids/liquid separation or fui- 
iliei evapoiation. The watei fiom this piocess (serum water) cairics a heavy 
polliiiaiit load. Blood proressing is a heav v ronirihiiloi to air pollulioii also. The 
Imal pi oduit, blood meal, nth in amino aiids, is sold as a nutrient to ]Kmltry and 
hog leeders. 

C'atlle hides are removed lioni lan asses, and these “giren hides" arc usually 
(Hied oii-siK' hv salting and stacking for 14 davs or hy soaking in a hi me solution, 
winih Lakes ahoiil IK hours. 1 he brine solution is filtered foi recvile tn remove 
lioin and flesh jiariirh's, hair and othei solids, cind disiaided alter a few days 
use. Aftei (tiring and soriing, the hides arc sent out loi larniiiig. 

Most hogs are prores.sed witliout .skinning; hail is removed by soaking in 
MO”!*' water, usuallv (ontaining a siirlailant, and then pinic.ssing through a 
deliairer, a device using itthbci hair scrapers with copious sprays of hot water. A 
gas singei hums leinaining hair from the eaieass liefore fiirthei proc'essing. 

flair is usuallv further processed b> a caustic soak followed hv steam t ookiiig to 
produce a high protein animal feed suppli'meiit called hail meal. 

Large volumes of w'atc'r arc used as the rattle and hog cariasscs are cut and 
pi (Messed. Viscera are reiiinv'ed and conveyed hy water to eclihle and ineilihle 
product processing. 

Federally inspected and approved fat removed from the meal is rendered to 
make fine Losnietiis and lard. I'his pitness ol edible rendering is a “wet process." 
liive steam is iiijected inlii a piessiire vessel and the lal is released to float on the 
coiideii.sate (.slick water). The stick water is high in BOD and exiraetahics, and 
I'onstitules a high loading on the waste treatment plant. 

Most inedible rendering is ai i uniplisheil drv. Ground offal is iiitrf>duced into a 
sieaiii-jacketed ve.ssel, where water is evapuralc‘H under a slight vacuum. The 
cooked produrls are tallow' and hone meal. 

In basic operations, poultry and hog processing ate similar. Scalding tanks are 
used to eiiliance leather removal; and the produilion ol feather meal is similai 
to hair meal. Largi* amounts of water are used thioughoui the priness. 

Because of the high BOD ol meat processing wastes, water pollution cniiirol is 
somewhat unusual in that aiiaerohir digestion is frequently used prior to aerobic 
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digestinn \ inist rlev clops on the atiitcrobii lagoon \^hllh noimally coiiriols the 
odois ohcn as&oiiaird witli aiiaciohii fciineiiLalion PicireatniLiil bv eqiiali/a- 
lion, siiceiiiiig, and Hntaliuii is rsscniial to good Loiitiol ol the opcialion I hi 
digestei loading IS t\pii.ill\ abuiii 0 2 1b BOlVilav/tu (l of rbgestei \oliinu' 1 be 
wastewfiln is iisnalb H.iini abiiLii HO-IOO'^l* (27-SH'’( ), whuh is Ih in final, .is 
anaeiobii digestion is giealh liiiideied at low teiiipeTaiiites DetLiiiion inav bi 
12—24 hoLiis Ibis Loinbinatum of anaeiobii .leiobu iligestion followed b\ sliIi- 
meiitation usuallv it suits in 00'r HOD leiluilion in the Inst stage and o\ei 
OK'/r ovei.ill (Pigiiii 2K K) 


PoiQble 

water 



By-product 


-^ Potablp water 

- > Process woter 


—^ WoslewDler 


Figure 26.7 I low than of p(Milti> priMessing plant (i nuritsy uf S hnvnofimintal Pio 
tfcUon Agrnr^) 
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Man) packing plants rlischai ^in|; in iity scrwa^c piaiiLs ai c-1 L*c|uiicd to prosidc 
ptetrc^ainiL'iit (c^qiiali/alion, sncLning, gteast* icrnrival) tn leiluit* the load and 
cquali/i the Luiiiposilion rd vvasics to a^iiid npsittin^ the niiiniLipal plant 
opeiatioiis 
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Chapter 29 

Mining 


VViUli usi's 111 (111 milling .inil miiuial |jiiiirssin^ iiiilusiiirs iiifU Ik diviileil iiili) 
tun p.iils 1 lit hist iniliiiit's ^ill uses i>l u<itLi anil its ti tMlinriil Ini iiinnvin^ tin 
iniiieial liriiii its surt nuiiiiiiifrs, hnili m iiiifln niiiul eiiMiniiiiii nts anil also in 
suilait sliippiii^ npcMLitiniis flu sitnncl iIimIs uilh llu })uii i ssiii^ nl these 
icfoxeieil iniiKial rn es l)iiiin|> tliesi n])cialiiins tin bLiieliiLal iinncial that has 
been inineil is sipaiaterl limn xahicless [iimpanion in.iti nals, nniinalU b\ firilull¬ 
ing ami piiuessinir line me par titles as a slum Walei is iiseil to piepaie the 
slum and In tians|jiiii llu iiiiiieial dining this pi ni essiiijir npeialinn [inlli 
aspects III uatei iisai^L—in iiiiiiiii|i anil in iniiuial pi messing—will be discussed 
hei e 

[he inosi uidespiead use iil ualei in undeigiound mining opeiatinns is im 
dust inntinl Must autrimatii iinnin|^ eipiipinenl unhides an inie^ial uatei spia\ 
sxsiein Spiav ini//les ai e supplied b> a u.itei hose ioijphnt> .a the le.n nl ihe 
mining inaLhine 1 he spi a\ no//les aic set up in pi oxide a uatei luilain ai mind 
the area being mined uhen the rneihaiii/ed dull, iiittei, ni i niitiniious iniiiei is 
in uperatinn, iheiebx innhiiing the dust at the laie (figine 2^) I) 

One nl the ma)ni pioblenis uiih sutli undei gimind uatei sx stems is clogging 
nl iin//les bx stale and dm pai titles in the uatei supplx Usiiallv snmi tvpe ol 
siiainei ni fillet immedialeh ahead of the mining e(|iiipiiienl naps these pat- 
lules lo pi event then iL'.ithing the small iioz/le mlines Olteii, slahili/alinii 
leagents ate added to this walei hue In piexeiii stale fnrmation il the uatei is 
haul ni contains nun oi manganese 

Another usl Ini undergriuind ualei is hydiaiiht mining With this teihiiiqiie, 
ualci uiidei high piessui e is duelled louard the fac c of the mine The energ\ of 
the watei stieam bleaks the mineral from the mine uall and uashes it into a col¬ 
let iiim system Tins t>pe ol mining iiia) gam populaiily as it beLoiiies hettei 
undeisliNul Cuiienil> its mam use has been m the Liial industry and Ui a hiniicd 
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Figure 291 1 his luiiiiiuiruisiiiil inmin^ m uliiiu is i f|ui|)pi il wiih u iit i 

s|>Td\ iiii/zIls li) su|J|iiLSS lUisl U lIu \soi kiiiff Silt I icl (( niitfi \\ of 1 it \ri r 
f om/Hin\ ) 

LXlLiH iIk uiaiiiiiiii iii(liisii\ llu lulling uiinii iil Iht v\ Jic i sin iin i iii lx 
cnhaiif cf] b\ i o iksLiiiir iIr wau i into i \ i i> ii iii im sli t iin frii lisiii^ Us t lu 1 1 >\ 
nil llu stlt'ilf cl ait I nf rliL iuiiil I tie ( Lilaiii l>pLS nl w Uli snliihli |i(il\iiii i s ni 
use cl 111 ^ivc this (nhe SIX i 111 ss Ui llu xx Uli sin iin lliinhv nun isiii^ iiiinitu’ 
L tlicu lie V 

UNDERGROUND WATER 

In llu sc iMiiiplcs ril untie i j^i iniiiil vx Uli iisi -iliisl idiUidI iiul lixrli uilii nun 
itifi—il 111 i\ bt iiULSsaix in pump htsli u ili i uiulti)^i nuinl IIdxmxli in innsi 
instaiiies iliiit is alicaiU txicnsivt iiiirki^lounrl sicpi^i iiicj il is iillissim m 
irinoxi this limn llu miiu in fniiliniu lIIuuiiI opLialinris 1 his u lUi iiinsi 
nftpii be punipLtl nvti ippitiiabk rlislaiiiis Itiiiii ihi innu linni in I In sin 1 in 
inr disposal lii many eases il tniuaiiis si^iiihiaiil i rmn iili atiniis nl chssnlxtrl 
snlids kaeherl IriJiii genln^iial Inimatinns li iiiav be aiiilie iliu in llu iNpc^s nf 
iniiiLials II has tnniaelfcl In tlu coal mikislix naitinns wilh Ini ms nf iinii py 
rites inlimatek mixcil xxilh llu tnil piniliin an .unlic walti and liLainiLiu nl 
aud mine ih nna^t is a stiiniis pinbleiri Ini ihis iiiclusliv (hifriiie 12 ^) 2 ) 



Sludge recycle Sludge b lagoon 

Figure 29.2 Flowsheet ol a lieatmEnl system to handle about ‘lOO of coal mine 
drainage having an acidity of 1600 mg/I Sludge recytle is essential to pioduction nf a 
dense, scttleable precipiute 




Baitnial atlimi is bd]['\ed to be lesponsible foi the produilion oi and from 
Lhe pviilK Tualenal, and the lesuli is a natci nilen at a pll beduw 3, lontaiiiinf^ 
up to 1000 Ft* and uilh sulfate Loiircnti.itinns as hif^li as 4000 nifr/1 Nut 
onl> IS iKl lost ol Liratiiient a buiden, but the bv-pinduil lime sludge is also a 
seiious pioblem, ofieii iei|uiiing latge land aieas foi sludge impniiiidmeni 
It IS of ten iietessais to ihemiialK neat undeigi mind uatei to pi event attaik 
on pipes and pumps used to iiaiispoil it to ilie suilaie In many cases the watei 
lias iiin ihioiigh muddv ateas mill picked up a sigmfifaiu load of siispi nded 
solids, making ii necessai) to piovide floeiulation and ruagiilalinn id the solids 
piioi to pumping the watci to tin siiilace 

OiUL at the suilaie, tins diaiiiage v\alei is often added to the geiieial watei 
svstem Im the imneial piruessmg plant Ottasimiallv it leqiiius fiiitliei treat- 
iTunt to arl|usi pll oi iiniost suspiiided solids piiiipilaleil upon exposuie to 
lilt an \llei pH .irl|uslnKnl with lime, most heaw metals ])ieiipilale Siltliiig 
basins ail iIilii leipiiied to ilaiilv the walei ])iioi in disihaige oi leiHlt^' ttili) 
till guiLial plant uatei svsteni 

Olieii in iindLigioimd mining, a shall nr liiiintl pioMdistlu appioatli to the 
oil bodv to hi ininid As oil is ujtliiliaun and tin lavitv (stupe) bei nmes eii- 
laigid. it 1>[[ nines necissaiv to le-giadi the fluin of the slope at firijueiil inlet- 
\als to ni.iki. till mine laic aiLL‘ssibli to the mmeisanrl their machines and dulls 
So, where tin method id slope mining is piaitiied, ladings liinn the mineial 
piiiiissnig plant aie tjfii n used as haikfill to pinvirU tin fluui foi the using 
stopi I liesi LLiliiigs cnmpaii in llu siop(\ ami ualei diams liorii beneath 1 his 
uatii IS of tin the pi c rloiniiiani poitiun iil llu miiu diamagi discussed eailiei, 
wliiili must hi ilaidud helnre being pumped to the suilacc 1 locculant addition 
In the ladings idlcn impinxes ihamage and piovidis a moic lonipail backfill in 
till Slop! ana 

Vlm lew mnieialsait iiiini d .mil usi cl ihi ec ih wiiliniit liiitlui tuaiment 1 he 
law nil IS L’lthci phvsiiallv oi Lhemiiallv pioiesseil to lemove the meit mate- 
iials (gangiic) iinin the desiied immial Ihis is iini malh doni ni a wci milling 
iipei.ilioii In v\Ll milling, die me is iiusIillI. shiiiiLd uilh watci, anil sub)Liieil 
to siMial techiiii|ues lapahlc id sepaiaimg die valued miiieial liom the gaiigiie 


COAL PROCESSING 

In the inal indusliv, \atious Ivpes ol shah and ilav an pioiluced .is a mixtine 
with dit I oal lo nil lease die heating value id the lual and to ieduce lh(‘ hauling 
losi, a complex pioiess ul i oal washing is noimallv iisi'd to nduie llu total ash 
I onteiit In this pi mess llu coal is giaded to a ceil am si/e, usiiallv less than six 
nil lies, and iheii (id mlua slum hadi iii which the denj»il\ id the merlLi is closelv 
lonindlecl 1 he toal floats in this hi-avy media bath while the heaviei lock sinks 
to the bottom 

I ollowiiig tins heaw media sepaiatirm all the Moated maienal is again si/ed bv 
vibiatiiig scteeiis fm luilliei piiiilicalioii I hi sinaller-si/eci fi.iLiioiis may be 
piocessed b\ shaking tables, hvdi my clones, ui liodi Holation In each id these 
sups, coal IS lecuvereil and rliied pnui to shipment I he refuse is dewatered as 
well as possible by sn eeiis 

Howevei, the iinal watci elHiieiil, afiei die laigei niatenals have lu’en ic- 
moved, iisiiallv loniams a signdiiaiiL i onientration rd ver> line lelusi m 
suspension this riiighl iniliide some loal nor lecoveied dining the washing 
opridlions Primalily, however, tl luntams sand and small pieies rd lork and 
tlav 111 a shiny id 'f-1591 soliils lo close the inal pieparatinn plant water 
system and miiiimi/e oi eliminare elllueiit flow, il is neiessaiy to dewater this 
leiuse sluiiy as efhciently as possible Nonnallv a thickenei is used lo rompaci 



EiOHiMiiyi 
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Figure 29.3 i lowshn-i nl cUfil Wdsliin^ and diving plant {Rtpnnied fumi ( nal A^c, Janu 
fir\ I97fi f ofntffr/i/ MfCMrmi/ Hill, Jnr } 


lilt solids into .1 mud of "'10-40'^ solids b> wi'i^lil Ihc oveiHou liom llit 
thiiktiiti IS noimall> ofl good rnougli quality to br irused in llit loal washing 
plant 

FURTHER DEWATERING 

1 lie uiidernow sliiriv fioin ilie Lhitkenei is slill piiinpable, but not yel suitable 
foi hiial disiliaigc In tbr past, this sluiiy was distluiged into ladings ponds and 
lagrMins and allowed to settle under ns own giavit> Today, loal washing plants 
are dosing then plant watei systems entirely, rei|uiiiiig them to fuithei dewalei 








Mlnliig 29-B 



ihL irfiisL shill) 111 a tliv lull ill liiiiii Hit innistiiii iiiiist ht lediiiLfl si) 
ihiit llu ilIusl is iliv tnnu^h In bt liULkiil Ld a ilis|j[)sal silt* In bt iisrd as 
lanilfill 

Scvfial ifiliniqijcs laii anDinplisli iliis \aiiiiim hllralioii, tintnhi^aliDn. anti 
vibratinfr rrliise siri'ciis 1 he kev is fie watt i ihi i el use shiii) in the piiinl 
isherc ilieic is riii subsec|Uf ill uatii luniiH when llu fii\ snhtls an clis|)i)seH nf 

A iDinplelr wain Litiuil Ini a iiinilmi inal washiiif^ plain is shiuni in Vigurt 
24 J Anal)sL's ul a typical makeup i^atei anti LmuentTateil imuit waters are 
shown 111 hfTuii 2M 4 Iheit is a lonsisuni iiunasc in siicliuni, siillale, ami 
chloiicle I imt is often added to the ciicuit to oflsct the dcsclopmenr of aiiditv 








METAL-CONTAINING MINERALS 

In lilt h.isi nutal iinlusti if s sulIi as inppLi. had /nit and non nii pitntssiii^, 
It IS lUMcssiiis In ^iirifl die miiiiiaJ in siifh a hiu si/e as in ptnducc disticli 
parliilfs nt metal-iiili iiiiiuials and r|uail/ teldspai and ntlut windihss ma¬ 
le iials 111 die cnppii, lead and /iiu indiisiiies, ihe libiiated iin tal ncli paiiiik 
iiijimall> Lonsisls of a sulfirh mineral i^huh is thin amtiiahh In si pat ■iliiiii anil 
reiuvetv b\ lioth HnlaiiiJii l(ilinif|iies In llii iinn nrc ni lainnili nulusliv die 
linn IS pieseni asdic miiuial ma^neiiK , teO f uhich lends itself tusepata- 
lion b\ niafrnetii leLhnii|ues in leinsci niineials b\ eidici finlalinn in ninfrneiii 
sepaldtiniK Ihi nre is (i^inimd in a wel inndirinn to impinvc ellicieius 1 ai^c 
\olumes nl water aie used In sluir\ the drs me 

Dm mg the haid link grinding pi mess, steel balls and rods aie used in piiUci 
i/e the mineral me (f iguie W 5) In these mills, the grinding media is consumed 



Mining 


■7 


.11 thL lalc 1)1 ahoia mie pinind srrH pei Imi i)t ini' Fins inc'ljl luss is ilur lo 
pliysitdl dbiasinii and thnniial fniiosiDii CJicmiLal mhibitois laii cffli'ctuely 
icducL* iht' latr nl Limnsinii and siibseL|Lic^nl uimi of rhr stcul balls atiil i uds 
Alin srpaiaLiii^ the de-sirablc miiieia] linm ihr railii)f>s. the final sliiitv is 
sent In a tailings ihiikenci jusi as in the inal Hashing npeialinn Again, ihe tail¬ 
ings skiiTv IS ihukeiied in thi ihukeiin and the ilaiihed natei letiiined in ihe 
pineessiiig plant Ini leuse the iiiiileilhiw shiny may be disposed nl in laige 
open ladings ponds Hheie natuial esaprnatinii and seepage lucui II iheie is any 
signiliiant bie.iknut of fiee waiei in the tailings pund, this natei is eithei dis- 
(haiged to a stieain oi leiSLled to the main plant water system 

Ihe flow sheet Ini a loppei nnning npeiatinn is shown m Pigine 2 Mb, iii- 
t hiding both tlu flushing and i nriLeiiti alimi steps 

111 all ihii killing npeiations, the laige demand fin ileai watei and the si/e 
liniit.ilLoiis nl ihiikeiieis and settling ponds make it neiessaiy to use synthelii 
llouLilaiils ami loagidants to aid in tin settling piocess lliesi syiithetii sepaia- 
tinn aids eiiahh tlu plant to obtain all tlu desned leiyiled waiei neiessaiy along 
with imiL.iseil t ompai tion and dewaleiing of tin i el use solids The si/e nl 
tlinkf m IS and sciiliiig poiuls is ileaily illnsirated in 1 iguie 2 M 7 , an aerial view 
id a 1 oppei miiii in a moiintainniis aiea ol Aii/ona 

llowivei, no mailt i hoys ellitiiiii tlu ihirkemiig opeiatioii may bi\ a lertain 
amount ol pioiess watei alw.iys is lost lo tailings with the sluiiy snluls C on- 
seijiieiitly it is neiessaiy in aild a iiuantity of liesh makeup watei to maintain 
till balanii ol tlu plant watei systiiii 

111 t u tain niiliisii les. sin h as i oppt i It ad, anil /mi whei e thi sulfide miiieials 



Rgure 29.5 h int fop|>ci otf is giminri in ihise ImH nulls, eat h Iti'-b" ilMinetei h) IM' 
li>ng 1 aih mill is diiveii by a 3tH)tMip iiinlin (( tiwr/ny ri/ Duifal ( inffora/iint, Sfratns-Nugf'r, 
/nt fiTprtralFii, and Kay Manley Kholojpap/iy } 
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Figure 29.6 ( u|n}ii(ii( |ji (i( ( ssifi^ llrivfsiu c 1 (ri) I iiisliiiii^ si[|iic.iui (/i) f iiiui nil 

S( 1|ULI1CI 


rfic fliMlcil al liiffli pH, ihr dflflilioii [>l lirsli niiikt'iip w.ilc-i innidiniiig sifrinh- 
tani lalLiurii iiiirl iiiaf;iiL‘siiiiii hdiiliiess laii irsult in unstaljlr uatet (a low 
R\/nai Index, In^li laii^cliii Index) The iidiisL slum ^liiih is danfird in 
die tliukriiei innlaiiis sidliLiiiil alkaliiiiU to iiail wilh the iicsh laliiiini anil 
niagnesinin aildtMl uilh dii makeup wain Ihitelnie, il is adxantagLinis lo add 
die makeup to the ilaiihed mviled walei in a vessel when pieiipilatioii of 
latbniiaies and hvdioxides will not pose a ma|cii scaling piohleni li has heeii 
Inund that addition ol makeup diteLd> to the ihiLkinei elimiiiales most 
pioblems 

Ilowevei, It IS also neiissaiv to stabih/e this tombiiied water pi tor lr> sending; 
It hack in the plant II this is not done, a sif'iiiliiant buildup of stale lan loini 
in stoiagc tanks as well as pipes and pump paits, Ldusinf; problems and in¬ 
ti easing plant mamtenanre Aiial>sis of makeup and leiiTculaieil ptotess waiei 
from seveial toppci nulls is shown in (igiiie K 



Figure 29.7 Atnalviiw iii Uiixal inppti miiiiii)'n]N laticiii Sii.ihdiii.i An/nna (( ou7h\\ 
nj Du ni ( tnfuuntion Stt anis t lufutftottihff iiuft Muniis Phntiii*fuph'\ ) 


MINERAL LEACHING 

Ollui iiiiiui.il iniliisiiiis iisr .UjiUMnis snliiliiiiis li> Il.ilIi in flissiilvi llii. ilrsnril 
miiui.ll liDiii Its OK liiiliiflLil .iiiiini|* llirsL* jiiclijsiiit*s an iiiaiiuini, b.uixiie 
loi ihc iiioMiv ol aliiiiuna, soda ash loi llu* nioveiv ol sodium laihonalc. 
potash lot lilt iiiinm ol potassiuin, and phosphalt loik whiih ptoirsscs 
iMliJialh oil lining plinsph.iu ou to pliospliont and loi Iritili/Li iiitci' 
iiiLiLi.ilLs XipiLMUis solijtiiiiis f oiiiaiiiiiig \ annus Irailiiiig maUiials (aLids, rd- 
kaliLs, Ol hiiiics) dissolvt tlu xaliialilr inincial lioiii ihi iiiidrsiiahlt* nin 
stiliitiils 111 ilir OIL 111 iiiosl opi'i alums ol this l^pt, a smies ol i oiiiilc'i i iiiK iit 
fhuanlaLioii (( ( 1 )) tliiikiiiLis an ustd in umovci as niiiili snliihk iiiiiuMal as 
possihlr h Dili the mud ilIlisl I lotiulaiits an* fLi|uiirrl in ihis proit'ss in loni- 
paii the mud kui Is to ilu gitMiisi rxumt and to \u]d as cliai a pic giiaiil ]i(|1joi 
as pnssihlr Ini ulliinalc' miiitMal iein\ei\ 

In st^M'idl ol tliLSL indiistiius, pintrss sicMiii is iei]Uiiril to siipplv llu* heal 
iieccssaiy loi maxiimim ItMLliiiig Opeiatiniis ol this Kpe tequiir an clledne 
hoilci waiLi iTiMCmeril piogtam in niainlam maxiiiiurii rlliiii'mies In those 
metal itidiisiiies in whiili smelieis aic used In ictluie llie oit to its elemental 
loini, ssasie heat hoileis aie used to uiineil heal limn smeltei gases inlo steam 
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Figure 29.B Water qiidlity lunipaiiMJii ol fiesh iiiakeiip water and leiinulated mill 
pTiMcss waier for seveial westein topper loiiieniialnrs 
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Ihesr wasic heat uriiis ^dLhc*i acldiiiDiial heat eiieigy by moling the sides of the 
furnaies and oihri lic^uid metal tiaiisirniiig vessels 1 he sieaiii generated by 
the ptiKess heat is then uiili/ed Ini powei geneialion as well as other pi mess 
put poses 

Assoiialed also with ihest lieavilv pioiess-oiirnted industries aie signiluanl 
moling watei appliialtons Foi instaiue, in iiian> of the metal sulfide smelting 
opeiaLions, acid plants base been biiili lo leiovei the siilliii dioxide f 10111 waste 
gases Ibese icimeiv plants vield sulluiii and. which lan 111 rum be used lo 
leach other Ivpes of nielal nimetal oils C ooling watei is a niajoi piuhlein lor 
these satellite plants hLcause ol the salinii> of ihe liiniled watei siniices in iniiimg 
areas and the atniospliMic loiitanniiation 

ill summaiv, the mineral prmessing iiiflusiry is cniilniiiing lo close as niaiu ol 
ns water sysUins as possible' io a gicat exUiii this iiidiisin li.is giown up with 
the philosoplis of walei illo\c'1\, having bec'ii foiled I01 nianv siais to leiise 
walei iH'iauseof ilslaigc walei ic^(]ijii eineiils loi milling and miiieial pioic'ssing 
Maiiv of these plants ate in waler-shoit aieas ol ifu^ [oiiiiLi\ ( iiiisi ipjcnlls iniisl 
mineial pimessing plants have alwavs had thickeiieis to ilaiifv then plant waste 
waleis (1 igure 12^)7) What is planned is lo liiiihi t dtwalet the thii kenc'i iiiidn 
flrrw shinies to pioduec di\, handlcMhle solids as leqiiiieil lor landfill coni 
pleteh tlositig the svsieni Laigc tailings ponds aie slill used 111 llie wesleiii stales 
whcie I'liough laud is available ioi long-ltiiii sedimemation In thesi tailings 
ponels, the naliiial pimcss id evaporation iisiialb pinrliues a rlr\ disposabli 
le-iuse iiialeiial 

1 he inmeial piocessiiig induslrv needs all the ileai watei it laii obtain lot use 
111 the piocessiiig ed its 01 es It will 1 nntimie in impiove its teihtiit|iies loi the 
lecveling id its [jimess waters I lie piiiiiaiv objeiliVL is (linit> It is 11111 ssaiv to 
remove suspended sedids In Loiivcit the waste want in *1 ns.dde i|n.ililv foi 
fuillu'T miiieial skiiiving Often pH rontiol is nrtessaiv C onseiiiiLiiiK, llu 
addilion ed and 01 alkali to the leevclcd watci is iiiicssarv lo bring tin walei 
into balance loi scale and loirosion eoiiriol In most lases veiv litlle is rlone to 
reiluce dissolved iiinuials in the elhueiii 1 be adililioii (d fiesh maki'iip watei at 
a rontimious late monu'iil.inlv rliliiies the buililuped dissolxed rnineials But 111 a 
ilosed s\srem, llieie is a large nuiease 111 dissolved solids in the eiictiil, and the 
onlv point of disiliaige of these solids is in ilii water Inst willi the linal ladings 
discharge lolandlill 1 he mam walei ireaiineiu pi mess in llie mineral pimessing 
industi) is si]lids/lir|uuls sepaiation in the ladings svstem (liguie 2 L) U) The 
enective use of svntlietie piilymers to impiove sidirls/liquids sepaiation efliiieni> 
enables the mineral proeessiiig induslry to runseivc walei and ininimi/r the 
strain on the eiivnonment 


SLURRY CONVEYING 

One water-iclaied opeiation 111 the mining industiy that is advanung rapidly is 
hydraulii transpoir id riimeials Several pipelines are already in opcraliiin, the 
must notable being the Black Mesa coal pipeline feeding an eleLlm generating 
station m Nevada Theie are many indiiatinns that additional slurry pipelines 
will be needed tu tianspoit minerals such as coal and non me The major con- 
cein in suih slurry pipelines is that water is removed from the environment at 
one location and transported to another. Some slurry pipelines proposed for the 
more and regions of Montana and Wyoming have encountered public opposi¬ 
tion because they represent an export of water from the region Perhaps this 
may be resolved by intermiLtenr use of the pipeline to return water and refuse 
to their original source 

Tlie pipeline system lends itself to some interesting water treatment problems. 
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Figure 29.9 Killings d.iiihei-tliiikrmis ai .i laif^r isrsiL^in lumi'iiiiaini 


()1 iiiiiise, ti ihiMiiiial ih.il lihiIiI hr aHrleil in tlu* slum wliilr il is in tlir pipeline 
111 iiiciLLise the piinipiii^ elliiieiiix iniilil he of impnilaiiie ii> the npeialiim 
\ ill mils m,111 Hills uhiih exhihil liitlinn-ieiliiLiiif; tenileiuies aii heiiif; e\al- 
luileil In jcirlilKiii, theie aie iisualK peiinils when Llie pipeline is irlle, luniiialU 
filled wiifi uaiei I lulei siiili inriilitions, iiiiiDsirin hef^ins In laki plai e uiiilei 
ilu liiM'i 1)1 siiliils ill) lilt holinin llieielore, il is neiessaiv in iheiniiallv Heal 
these walei shii*s used to lill the ^aps in ilie line helwL i ii \ aiiniis ijiiariliLies nf the 
iiiiiieial shinies, in piesLiil lliis innnsise ailinn Beiausi nf die hu^e \n 1 ijmes nf 
walei iiisnKed, einiinmiis nl lliis nnie^lhinii^h s\sleiii aie nl ^leai iniuein 





Chapter 30 

Pulp and Paper 
Industry 


1*tiiiiiti\L pcdpU' DVLi Kiunlliss iiiiiiniuiiif rill il Willi I'aili tiihri cii expressed 
llirnisehes h) auiiible sminils aiitl \isihlc s\iiiht>ls latxeil in wnnd di sliine, 
inipirsseil in il.r , ni painlerl nn llir walls nf ia\es As sinirt\ pni^ressed, these* 
siiunds and si^ns dc\Llnpt*il iiiin lan|ruage, s\nibuls beiaine alpViabets, and 
leioids nl iinpnitaiil exeiils tniild then be written iin rlay lablets 1 lie tg^plians 
siinplihed lei in d-keeping with the inti nduiliiin iil pap>iiis sheets, loimed tioni 
the feeds ol the piipyi us plant, abiiiil StHlO H C 1 he wind p.ipei is deiised hum 
papyiiis 

I)Liiing later peniiils nl Livili/aliiiri, snihes kept liandwtiiieii leimds on parih- 
iiieiii rind hand-fni ined pajjei, iliieHs fui the luJing ilasses I he hope ol wiiticn 
I onimuniiatiun (ui the masses fust tame with the dexilopmcnl oJ the pnniiiig 
press about 500 ye.ns a^o I his nrated a ilemand lor pa|>ei. so \aiieUes ol fibers 
aiirl pr Ol ess methods weie xigoiuiisly iiuestigated ioi use iii pajiei maiiiilaituie 
In the eail\ davs of the Ameiiian ininnies, the libers were nhtained Irntri rags, 
but b\ the nineleenth leiiliiiy, demand loi paper iiiileased beynnd the abilitv id 
tags In supply the need, and wund libets began in find use m paper pulp 

Ihe pul}) and paper imliistiv has sinte {i>inwn in prnduLe nni nriJ> pa})ei for 
lecoids, diKumenls, and bnnks, but also heasier grades Ini patkaging, and fjlaiii 
and iniiugated liner bnaiil Ini slii})])ing tnnlaincis, suth as diums and caitnns 
Despite the teJative light weight nf the finished jjrnduit, pulp and pajjei ldii- 
stitutr one nf the ma|ni Lniinage pinduils m the Unileil Stales, it may soon 
Llialienge the nutpuL of the steel incliisln in annual i^inrlui tion I he prnduLtion 
nl the niajoi varieties nf papci and boaid ate shown in fable 30 1 

Papei is almost entiiely deiived finni wood Inday, and since only ahuul half of 
the weight nl timber hi ought tn the pulp mill is rellulnsc, rescairhcis ovei the 
yeais have artivel) sought uses fm the reiiiaining 30-50'^ released during 
rheniual pulping they have developed a vaiielv nf l))pinducts which inilude 


ao-1 
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TABLE 30.1 Pait and Projactad Produeilon, thouBand tona/yaar 





IM 71 

IMHO 



Papei 






1 Newspniil 


H.son 

S.Khl 

1 SK) 


2 Pimiiiifr aiiil uiiiiii^ 


li/dlO 

1 fdiLh 

14,11)K 


S Patkagiii); anil foinniini; 


•M)n 

h,22K 



4 1 issue 


f.MOtl 


4,0 IH 



Intal 

2h.h(Kl 

27,fili4 


H 

Papei ImmiiI 






1 UiihlriU herl Li.di 


12.H1M) 

ll.lbH 

1 'i.li4() 


2 Bleaihed kialt 


% 700 

< Kill 

4,212 


^ Rci VI lerl hiiai rl 


Hjnn 

H2H0 

H fi-iO 


f S( iiii-i lieiiiii.ll 


4 (Hit) 

LOIS 

1 41() 



Inial 

2HMn\ 

to UiO 

f2,Kl 1 

( 

lUiilrliiif; papei ami hn.nd 


— 

— 



1 1 finsii III linn p.ipL 1 


1 'Min 

2 070 

2 141 


2 C ijiisii 111 111)11 hiiaiH 


\ 1110 

t.liht 




Lntal 


\1 11 

0,0LM1 

1) 

liiial iiiailiiiii' flind pulp 






1 Dissrilviii^ pulp 


1 7111) 

1,()4H 

1 hlO 


2 Piijiei ^ladc (mki pulp) 


"i/iOO 

f) ')K0 

h 247 



Inial 

^200 

7 LMH 

7,Hl)l) 

FiiLal iiidiisox 


t)7 700 

70 07'j 

7^ 701 


tLir|)i*nl]iie Jin thr pairil anil rnalin^s inihisliv, lall oil loi llit^ inaiuil.utut t* of 
ihcMiiiLiil inlei iiUMlicitLs, lijiiiio-sulloiialus as sin lai v aitix v tils anrl tlis|iL*i saiils, 
and suih iillui pinLliiils as >casl, \aiii1liii, attain ami, ailixalcil lailion, and 
almliol lahk' .SO 2 slums die inajoi (ali*^lllles ii( dir minpniicnls of wood 

NON-PAPER PRODUCTS 

Sulisidiais npeialions in nian> pulp anil papn mills nuliirle du maniilailiite nl 
phvxDod, pailiilt* bnaid, and ihiplioaid, anil llu piodiiilinii id alplia i rlliilosL', 
whiih IS a dissriKing pulp used in the manidaituir ol irllidosr aiiMalr 

Pinhahh no indusliv has done as iiiiiih in leilaiming waste pioduiLs as die 
pulp and paper iiidusiix Snap papei is lolleilcd, soiled into ^lades foi 
I eproiessin^, and lonveiterl into new i;iades ol iissiu, hook stotk, lonlaniei 
boaiil, and odiei useful ioims AppioxiinaleK 2i)Vi of the oiiljiul ol the papei 
industiv IS tensed h\ seioiidaiv liheis pi messing plants 


TABLE 30.2 Camponanta of Wood Subalanca 


Inial wniifl siilisiaiui 

Siirini 1)1 s[)l\ent extiaiiahle 


i xliiiilixe lire wdimI (iniI iiiJiii^ 


0 i'/r iiinii;aiiu) 

•)V, 

Milrl oxidalioii \ields snliihk lignin 

2V£ 

HnItMelliilfise (intal pnIvsaLihaiidi) 
Dilute alkali evlratlion \ielils 

yit'A 

lirmKilhilnsis 

Wa 

Net wuinI lellulose 

Wa 
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WATER: A BASIC RAW MATERIAL 

I lu' manuldtlinc ul pulp anil papn icqinirs lai^r miIuitu's of watei Sinic its 
eiiilirsl ila\s, tlir iTiduslTv has lixatE*!! almost exilnsivd) along majin iivtis The 
hist mills used isatei not only to makr pulp and papti liiil also lot livdiaulii 
power, by damming the sticaiii toprodiirc tht hrad iiirded to diivt watei wheels 
whuli opeiated the grinding stones to lonviMt wood to pulp Many modem mills 
aiL loiatid at the site of these eaily mills and (ontiniic: to ust hydiaulit powci 
loi optiaiinn of gimdeis ot of liydioelecti il lUThmts 

I lu watci rrquiieil h\ a moilein pulp/papei mill vanes loiisideralily with tiu 
pulping pioiLSs, tht availability of watei, the bltaihing seijiuiue, and lestni- 
tioiis on wasit watei disihaige lahle HO H shows the walci itqiinemeiits loi 
oleUi and nLwti nulls, based on ihi type of piodiiition 

TABLE 30 3 Net Water Ubb (Effluent Flow) from the Menufectuniig 
of Pulp end Paper Product! 



1 ypii il g il/tf)ii 

Niw nulls gal/loii 

I'ulp inaiiii1«ii iLiiiiig pitMLss 



1 1 nhit .ir lu d ki.dl 

15 000 to 000 

JO 000 

li Ki all hit i( lung 

1)000 1)000 

JO 000 

i 1 rilik.iLhi il siilliK 

15 000 50 000 

25 000 

d Siillili liliaihiiig 

to 000 iftOOO 

40 000 

1 Si nil 1 111 mil il 

KOOO 10 000 

10 000 

t lltiTikirl 

JO 000 15 000 

25 000 

g (fiiiiinifwriiul 

1 000 IH 000 

I tlOO 

li Sndd pulp 

hOOOO KOOOO 

1)5 000 

Prqni miiniiLu tin i 

1 1 HU p.qu 1 

HOOD to 000 

10 000 

)i Hook HI piiblii ilioii giadm 

10 000 Tiono 

12 000 

l 1 ISSLIt 

7 000 15 000 

1 5 000 

d Ki di ]iipi 1 s 

LM)00 10 000 

5 000 

f r.ipirlNMid 

2 000-15 000 

K 000 


1 lu l^ulp and (lapLi iiidusiiv is a laigt usei of Wiilei bitaust the pulp is 
wasliLfl with wati i al sLViial poinis in thi jiioiess, and wain is usid lo loiiyey 
the pul|] libtis liom then initial piodiution in iIil pulp null thiough \aiious 
lefming opeialions. and finally to tin papti inailimt, wheit ii nia> be inlio 
dined to tin loininig wire at a slimy ioneitillaiion wliith is MM'r watei and 
only I'/r libei (railed I'/r (onsisttru y in papti null ti i mmology) Wlicicas oldc r 
mills used as niuih as HO,(101) gallons pel ton of liinslitd papii piodiiil, modem 
mills have ilosed up then systems lo tcduie tin aniounl oJ water fLi|Uired arid 
tlieiefoie the yoliune of waste lu bi tieateil In a model n uiibleatheri piil]>/papei 
mill, pi oilLiiing linef boai d, the i onsiiniption may be as low as 10,000 gallons per 
ton, and in a bleat herl pulp/papei null tht iei|inTeiiient may bt appioximatclv 
IH-20 000 gallons pii ton So. in a mill pioduting about 1000 itms pet day, 
whith is ivpital ol soutlieastLi II U S kralt mills, ihe yvalei tieatiiienl plani may 
bi leqiiiieil to piorliicc about 20 mgd of mill wain lui pioiess and boilei 
makeup 

Ol the vaiieiy of pulping iipeiatioiis in use thioiighoul ihe yymld, most fall 
into one ol three tategoiies methanital pulp, ihemital pulp rn setondary 
fiber (leLlaiined paper) 

lor most types ol tinihei used to su]iply the pulp null, the logs are lul lo a 
trinvemeni lenglfi and debarketl in a drviie suth as the balking drum shown in 
Figure 30 1 Sintc the baik rs a significant poilion of the law nialenal, the water 
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Figure 30.1 Bjik is tt moMd hmii lul uoml in tins iiiidlin^ rlih.iik 
me ilium 


iisinl ill the clehdrkiii^ n|X'i(ilinn is ircsikrl .iiirl the haik if inuxetl fhw.iUuil, 
piessccl, ami useil as luel ini steam ^etieiariiiii in spefialh ilfsitriud hatk 
hnileis tviess watei finm this npeiatinn is nlten hi()h in HOI) liec.iusi n( ilu 
wnnd su^aT cxtiaLlerl in the ilehaikiiig piniess ami hif>h in inlilnini nif^amsnis 
iiiini the exposuie ol the tiee Ln ainitKil lili iNilh in tin initsi anrl in the imhiiI 
\aiil 

GROUNDWOOD PULP 

111 the piniliulinn nl ineihanual pul|i lin^s aie Inarlerl intn I hi ina^.i/ine ni 
a {^riiuiei ((iffinc 2) in \shuli llie\ au piesseci against a ^ 1 ln^lln^ whetl 
Abiasuin sepal ales ilie hiinilles nf libeis iiitn niilivulual slianrls, anil i xiepi Ini 
a lelaliselv small peiLeiita^c oi in^aniL ni.illei exit ailed dining ilu friiiulin^ 
opeiatinn, the lifiiiiii whuh hnlils the iiheis lo^iihei leinains in ihi Innsluil 
pulp, so that the pulp sield is ijiiiU hi|rh 1 ht silIiI vanes with iht Ivpe nl Hiind 
heiii|^ jinmiid but is geneialJv on iht iirdei oi WVr, that is. of iht wiighi 
of wood fed to the ^nndei becomes pulp avail.ibk fni papei inanulaiiiiii 

Although the nigaiiic iiiatiiial evil at ted from ihe wood libei dining gnndiiig 
is a small pencnlage oi the fibei weight, it is a signifuiinl addition to the walei 
so the watei wasted lioni the gioniirlwood pul))ing opeiation is ijnite high in 
oigaim matter 

Papei piodmeil fiom gioundwond pulp is weak and has |>«)oi aging piopei 
ties ioi that leason it is used fni nianiilaituie ol iiewspnnt, whete slienglli and 
aging prnpeities aie not Liilual lailois I'veii with news])iml, in pioviilt' the 
strength needed on a model ii piiiiting press, some rhemiiid pulp, iisuall) about 
15^, IS blended into the giouiidwood pulp to piodnie a satisfaLioi) sheet 

THERMOMECHANICAL PULPING 

1 heiinumeihaniLal pulping (IMP) is a new pioitss piodiumg a ineLhanital 
pulp supenoT to gioimriwood in stierigth Used m newsfAint, it permits a ledui 
tion of Lhemiial pulp m the furnish, at the same lime piodiiimg a stionget sheet 
But Its nia]m contribution to the industry is its abilit) to ieduce chemical and 
water usage, with taiiythiough Ireiiehts in waste tieatiiient, while producing a 
pulp comparable to Lhemual pulp in many respects 

In the TMP preness (figure 30 3), wood chips are washed with iccycled water. 
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LOADING FLOOR 



LUkL 

Figure 30.2 I .Iti tniurl .ig.iiiiM .1 sioiii in 

pniiliiif i;tr>iinil\vfHHl pulp {1 1 mi Put!» and Paini Stujut 
(irifi Jithuiiioi^ lol / f*ul/j \triMifiii llilt i*^h2) 



Figure 30.3 ( iini|Hjneiits uf .i thpiinnmef.hani[al pulping s^sicni wiili prtmsiim I nr 

[hrmiial preti cjlrneni ff ourtf\y of 4mfncan Drfihiatur Inc ) 



whiih nid\ be ^\hite uaU'i oi filtrate c mi laming pulping Lhcniical residues This 
IS nidceidted in a slicv\ pi ess to a lioinngrneiiiis slush, and passed Lontmiiousl) 
thiuiigh a steam-healed digestei I his siiftens the liheis and peimits them to 
sepaiate latei at himnd.iiies whuh ate ielaiivel\ iiee of hgniii fins improves 
lefinnig, (oiidiiited in thiee stages following the digester The lelined pulp is 
siteened, ckaned, and adjusted to the leijuiied Lonsisteiuv loi bleaihmg As 
with gioundwood, h)dtosiilhte is the bleaihmg ihemital 

CHEMICAL PULPING 

It) impiove the qualities of pulp libei, eailv leseatih woikeis ilrvLlojiefl 
theniiLal prix esses lo dissolvi tlie lignin and othei oigamt mateiials holding 
the libel s ingetliei, releasing the hbeis wilhoul extensive iiiei haiiii al win king 
Iheic IS a lontiini.il develojnnent nl new mndifnalioiis to these basic ihemiial 
pioresses to meet modein needs foi high qualitv jiindiiit anil miiiinium 
wastewatei c ontanniiatioii 


TABLE 30 4 Chsmicat Putping ProcatiBB 


i>ii 

eiiMiniiiiieiil Ami 


\inil il 


4 iiiimiL sjiLUi s 


( allllllll S|J 4 CILS 
and pifHtss 
design.iiiriii 


SOj list), 

( I ) It' 11 Ifl sulllll 
( 2 ) Nil —sniliiiiii liasL 
(H) NH< —aiiimnnifini 
hast 

( 4 ) 1 a*^'—1 all 111111 h.isi 
Cl) Mg^^ —in.igni siiiiii 
base 


IISO, St), ^ 

11(0, anil I I), 

\a 

(DNiiitial siiHitc 
(2) \i iJiral sulllll — 
SI niiiliLiiiiLal 
14) ( luniiginiiiirl' 


Mk.lllIlL 

IIS S anil 
Dll 

\C 

(I) Ki.ifl 

(J) Kiall 

SLIIIl 

I 111 mil il'* 


* 111 till sc piiMLSscs li[|iifii is iisiil liisrilKii llii wniiil hilmt giiiiilieg 


1 he basic ihemiial pioiesscs m use loila> aie lategoii/eil as atid, niiiiial. 
1)1 alkaline J^iilp pi messes, as shown bv fable 'M) 4 

fn all of ibe ihemiial jiulpiiig pi messes, a ihemiial solution is piejiaied and 
fed lo a iligestet, a vessel in whirh it is mixed with wood that h.is been ml iiiti) 
chips III |)eiiiiil the hqiioi lo penetrate iflertivil) and piocluie a uiiiloiin pulp 
1 he mixture is ihen looked loi a specified peiiocf at the optinium tein])eiaime 
Tor the pfiiticidai jniKess and lln. l^pe of wiH>d fxMiig pulped Most digesters 
opeiale on a batch basis but iheie is nicieasing cist ol ioniiiiuoiis chgc*stii)ii 
pr iM esses 

At the tonchisioii of the digestion period, the lontents ol the digestei are 
dumped into a blow pit Heiause the fiquor is at a high tempeialme, steam and 
volatile components from the wrood Hash oil Ihese aic condensed, and oiganii 
bypioduLts iiiav be pioduied finm the londeiised liquid I he qiieiuhiiig oJ the 
vapoi provides heal for pioccss vvalei and also controls an polhilioii h) coii- 
leniraling and inlleLtiiig sullui inmpniiiids for binning 

RECOVERING PROCESS INGREDIENTS 

f he pulp fioni the blow pit is washed to lemove the ihenuials, the pulp then 
goes to fuithci pi messing and the wash water containing tfie ihemuals is 
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usually ICCIdiincd BeLduse the lu|ucn inntains uiganic mauei exiraitL'd fioni the 
u(K)d, when cniucnirated b\ evapiiialiriii rhr nif^aniL iiialerial reaihcs a con- 
c entiatinii level that peimils ihe lii|Ui)r U) be spiayed iiiln a liiiiiaie fnr buniing, 
the i oitibustion id oi^ariii mallei pinvidiiif’ the Bin's Im rvapcnatinn of the 
liqum in diyniss I he iheniuals in the hquen beimne inolleii, and the molten 
|iioiliJils (smell) Lolleil al llie iMitInni of tht luiiiaie Im reioverv Ibis letovei) 
piocrdiiiL does not applv lu lalcium-base iiMiking lir|iiiiis Siiul lliete is no 
piartiial wav lo leiovei ihe LaluLim-base liquor, the raleium-b<ise sullite pioiess 
has piailicallv disapptaied Ma|riiesiiini-basi Ik|iii>is aiL leioveied, but not 
Lvadh as desiiibed above 

( biniKid leioveiv has lieiii in opeialion Im iiianv veais in the ktall pi mess, 
heiausL tlu piotess would not be eioiimnnal without sinh lemveiv Ihe 
ilumiials leioveiLcl aii retiiined lo the pimess rhioufrli a iheniiLal letoverv 
opLiatioii whnli will In rlesiiibed lain I lie LliLiiiiLals reioviied Iroin ihe 
NSS( pioiiss (luiitiril sulfur—semi-ihemiial) Lannot be used iliteillv a^diii in 
lilt protess lull laii la user! as makeup to a kiatl null Beiausi ol this, man) 
pulp nulls liavi both kiall and a seiiii-Llieiniial pimess, il the jailp mill is 
still ll\ a NSS( mill, it niav iLtovei iis ihiiiiicals in a di\ bi ad foim. ]uovulin^ 
a pioiliKl whuh fan la supplied lo a neaihv kialt null 

BiiaiiSL tlusL pulping opeiaiioiis list siillui-ioiUainm^ flunmals, manv ol 
whuh have a hii>h odm level, sopinsliialed proicssin^ cquipmenl is lequiied 
1(» avoid le.ika^e whuh imild lesiih in an pollution 1 hesi sulliii umipiiunds 
ha\L a hi^h ow^in demand so il is eipiallv impoitaiit to avoid leakaf^i of 
jailpniji; lupiois lo the sevsei, wheie ihiv would inqiose a loarl on the waste 
tKainiciii plant Not onlv flu ihise hquois have a hi^h ihemiLal ow^eii dtinaiid 
(( OD), hut ihev also lonlain the oi)>anus eKliaLted liom tlu wood, and aie 
ihiic loK hiirh m BOD 

I lu vilIiI h om i hi mual pulping is lonsirkiablv less than horn a ^imindwood 
opc lation, wlu 11 tlu oi ^auu leiiiaiiis attai lied to till ilIIuIosi (ibii Iheixtiai- 
iioii of li^niii and heiniielhilose is so elliilive m ihemual pulping lhai the 
ki.ifl pimess has a yivU\ on the milei ol less than ^dlVr rompaied lo a semi- 
(liemual pulping vield ol .dioiil liVff .mil the giouiuLwood pulp vield ol about 
‘10 


THE KRAFT PROCESS 

\s tin (xaiiipli ol tlu thiuiu.il pulping opii.ilion, tin kiall pimess, whuh 
piodiULs about 7'i'/r ol tlu total pulp oiilpiil ol tin I'riiltd Stalls, is illiislialid 
liv ligtiii 10 4 In this pjoiess, ihips ,ind whili liquoi an measiiiul into a 
rligisui. anrl tin mixliiii is then hiniiglil up lo ahmil iilliii hv duett 

steam mjeilimi m hv i eiii lulation iif liqiioi tliiough a steam healed ext hanger 
nil the side ul the digestei \l the coiiiplelion ol the looking peiiml, whuh 
may take liiiuis, the loiitcnls of the digesiei die dumped lo the blow 

pit, the vapors liom whuh aie used loi heating water, and m the pimess lui- 
peiiime ma) be reuiveieil, a signiliianl hvprodiiit m pulping softwood Nmi- 
imiileiisibh gases, suih as II^S and SO^, aie released fm sipaialr lifaimenl 
to i mill III siilliii mis emissions 

Ihe pulp is sent lo the hrowii stock washers to lemove the excess ihemual 
wlmli ma) lowei pulp qiialit) Fheie aie usually three stages of washing (1 igiire 
'10 5) willi wdlei flowing loimteiiuiient lo the pulp, puking up pulping 
ilieniital lo beLome a weak blaik liquor containing appioxiinatelv 3-5% total 
solids Ibis liqum is tonieiitraled to over i5% total solids in an evapmatm 
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producing a strung black liquor so high in organic solids lhai ir will burn when 
sprayed into the tecovery lurnace. Salt cake (ihe industry iiTiii lor Na 2 S() 4 ) 
is also added to the recovery fiirtiare lo provide makeup to the sulfur-bearing 
liquor to accciuni for losses al various points in the circuit. In the renivery 
Itirnare, the sulfate is reduced to sulfide anil some of the laustii is converted 
to carbonate by coiitail with the C 02 -(mitaiiiing gases produced from rom- 
bustiiiTi oi the organic matter. These materials hecnine molten at the luriiaie 
leiiiperaiures, and the miilteii salts, called smell, drain down the lurnate lubes 
and collect at the hollom o1 the lurnaic*. 1 hev are lappc^cl off into the smell rlis- 
soKiiig lank. 


GREEN LIQUOR PROCESSING 

Ki'coveieil weak liquoi qiieiiihes and dissolves the smelt, pioduiing green liqiiiii 
that miisl he ilarilieil lieloie it can he regeneiatecl. llie ilre^s Irom the clarifier 
(oiiiain valuable cliemiial, so the\ are washed aiul the weak hc^unr lelnrnecl to 
the dissolving lank. Tlie green liquoi, which contains sodiuiii carbonate, is then 
laiisliLi/eJ In the ailililion of lime, lonverting the soilium carbonate to sodium 
li\ill oxide ami pincliuiiig LaUiuin carbonate piecipilale. The pincluct nf the 
liming opeialinn is white 1ii|Lioi, which must he clariheil before it can Ik* le- 
tiiinecl In the digestei. 'The miid produced lioni the clarifier is almost eniiiel) 
lalciiini larhonale. 1 his is washed and hltereil, and ihe cake is fed lo a kiln, 
which Iniriis the cahiuni Larlinnaie to calfiinn oxide lor leiyile. 

The rqieralioii oi a niodeni kralt mill is so tight thal llie amount ol salt cake 
leiiniied Ini makeup lo aicniint liii liqcioT losses is ivpicallv in the laiige nl only 
pounds pc'r ton nf pulp. 'Ilie coiidensrites pioclLiced al the digester and 
evaporator var) in quahiv: ihn.se [iroduced threelly lioiii the condensation ol 
hoilei lioicse .steam can usiiallv be letiirni'd to the boiler plant, hut even here, 
larelul nioniloring is reqiiiied to make certain thal leakage [loes not occur in 
the sysiem to spoil the toniieii.sate and cause piobleiiis with steam genetalinii. 
Olhei conden.sales may he used foi pulp washing and olhei wa.shing opera¬ 
tions. 'Ihe pooiesi grade of londensaie lioiii the c'vapnrator, soiii coiitlensate, 
must be .stripped ol its volatile .siiliur tompiiuiids, and it usually remains so 
haillv r ontamiiialed that it must he .sent lo the waste treaiincnl plant. It is a major 
source nf problem.s in the operation of the waste Irc'atment plant. 

losing the kraJl mill as a pattern, Figuies 3(1. fi and 30.7 show the cheimral 
[Hilping fill ilie niagnesium-h.ise sulfite pr(KC'.s.s and Ini the neutral sultiie- 
seiiiicheinical pi in ess re.spectivcly. The siiuices of wastewater contamination in 
these circiiils are similar lo ihiise loiind in the kralt mill. 

Pulp Processing 

111 the chemical pulping opcratinii ilsidl, the major items ol equipment are the 
digestei, the blow pit, vapni recovery, and pulp w'ashers. 

These are the ba.sic units shown on the reference diagrams of ihemual 
pulping operatinns. (aintainination ol steam tonderi.sale or water with pulping 
liqunrs can ncinr in the digester, except where direct iiijeciinii of slc*am into 
the clige.sler may be piaciiced. 'Iwn types of' digesters are shown in Figures 
30.H and 30.0, the former is a hatch type digester in the kralt industry, where 
the li[|iinr is externally cireiilalerl through a heal exrhanger in which leakage ol 
liquor into the condensate i.s always a potential threat. The second illusiralioii 
shows a cnniinuoLis digester, which also has external heat exchangers for heating 
of liquor or wasli water with .steam, again providing potential loi leakage of 
c nntaminanis into .steam roiirlen.sale. 

The wa.shers shown in Figiiie 30..^> were originally designeef only lo improve 




Figure 30.6 Maf'iirsium hasc sulfur* pulp flimslu‘i*l 


pulp i|iialil\ b\ ififinving rxtess lif|uiir. B) nprtatnif’ ilit- wash walfi iniiiiiL-i- 
currrnt lu thf pulp fluw, rL*tuvur) iil lelalivi'ly slrun^ lirpiDr was .ilsn pussihlc 
With llip attciiiion Imlay uii iiiiiiijiii/iiif> uaslrwalrr rlisili.ir^t*, flic pulp washer 
also pruviilrs a poiciilial poiiif nl reusing cxicss walci Ituiii ihc paper mill iii 
cimiaminalcfl (iiiuleiisales Iroin the pulp mill. In reiyrliii^ ihese waslewateis 
frj the washer, the oiiginal iiiienl of washing to produie an atieplahle pulp musL 
1 h* kept ill miiirl; lor example, ceriain pulp mill cnnilensales aie so hadl\ iini- 
taminaled with Dclorniis sulfur riimpounds that they are utiat'ccpt.ihle liir pulp 
washing because they imparl this odor to the finisherl pulp, and it persists even 
in the hnished pajjer sheet. 

After the pulp has been washed and the liipjoi reilaimed, there are a variety 
Ilf devices for purifying the pulp to the extent iieiessarv liir its eiirl u.se in paper, 
iMiaril, oi ehemieal niaiiulariiirc. The major devices are thitkeners, refiners, 
screens and ileaiiers. 

Some ol these devices require that the pulp be diluted lief ore it lan be pro¬ 
cessed and others rccpiirc that the pulp be iliitkened. '^I'his change in rnn- 
sistenry may be done in storage ve.sscls, called slock chests, or directly by in-line 
mixing il dilution is the cfrerl to be achieved. However, where roiirentraLiiiii 
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Figure 30 7 \SS1 |uilpiii)> pnutss 


()1 llu pulp IS lupiiiLil lilt pulp riiiisl bi passi rl o\ii a itiiiktiiii (lii^uit 
U) 10 ) Ifii It ininal of ualt I niLwatii it tint ii'dlnim tins ihii kt iiint> opiiation 
IS itoilirl 1(1 llu iiiusi luiiVMiKiit puiiil 111 lilt pulping svsUiii 

KlIiiuis aiL sniiuwhai iLlatiil fii giitiilc^is, piiivirling niti h.iiiiLal imct to 
tibiaik llu pulp fibtis and icrluLt llit-rii lo iiidi\idual sliaiids iil [(lIulnsL 1 he 
two niiisl Luinmim types ul 1 1 lint is are disk 11 hnci s (l^igui t 10 11) and Joi dans 
(liguic SO 12) StiLens iic used Lo ilassily pulp libcis In a leilain si/l wuh thi 
ovLisi/t paitiiks Ixfiiig I (.turned lot leprotLssing stiteiis ait also iisid foi llu 
rimoval iiJ und(.siiable male rials iiiiiii llu pulp, such as knots and iion-itllulosc 
ilcbiis (FigiiiL 10 IS) 

C tntiilugdl ikancis aie hydraulic cyclones that sepaiatt pulp hbiis both on 
ihc basis ol density and si/e Ihe iiioic denst oi umisi/l iiialttials ait sc.nl lo 
llu pciipheiy of the cyilonc^, and tht acceptable libei liaction is \iitluliawn 
born tht ceiitei ol the Lyclone Very ollen ihiet stages ol centiilugal cleaning 
arc invoked (Figuie SO 14) Ihc rejects lioni the hist stage go to the second, 
rejcrls fiom the second go to the thud, and rejects linin the third aic wasted 
or returned to a point where their values may be icclamicd, such as m the 
barking diuin wheie some waste ccilulosc particles ma> remain with the bark 
to lie leclaimed in the bark boiler 

1 hese basic units aie put together in a pulp mill in dillerenl ways depending 
on nature ol the wood lieing pulped, the pulping prtHcss, and the type of paper 
or boaid being manulactured Typical schematics for a groundwcMid mill, kiail 
mill, and semi-chemical mill arc given in Figures 30 IS, 30 lb, and 30 17 
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Figure 30.B In ihis ImuIi ili 
^rslLi ihi]>s .11L irHiki'il mti .1 
hO ti> 'll) iiiiiiiiit i^ilr .mil lilt 
pulp piuiliiii i\ riiiiwii nil Ini 
.mil lijiiliii pi missing 


BLEACHING 

If tlic litial piDfluLl IS <1 hlLMihrtl ^i.ulr nl papci tii hii.inl, hlcailiiiiL> is iliini 
in ihr pulp mill ( him me anil (him me (ninpiiuiids .iie niosi i(imiiir)iiK used 
Ini bltMihiiii; kiall pulp, bin n\\^cn bleai hin|4 is assunmifr im i easing impmiarK i 
111 die inilusln l\|)iiallv, blr.uhiiii; is aumnplislied in seiei.il si.i^rs, wilh rlu 
lesidiies i>l die bleathiri)]; npeialinn exliaiUil limn llu pulp belweiii diesi 
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Figure 30.10 Riinovdl i>l cxitss watii is otuii nciilcrl Ini pulp sinTaj;p I his piiKiss is 
• Ult rl chfkiiiii^ lliLSi iwn tv]M s nl rliikus Jif iiiiiiiiiniily iiscil fni iniiiasiiifj cnn 
sisieni\ (Fop) 1 his ilriini lillci is thiikining kiail lilxi (Biilinm) IiIki rhwaleied 
tljiuU(Fh ihis vtrrtiial slotticl si111ri cleckfi is seen lunihhn^ intn iht pulp diiirhargc 
lluiiie ff mirU\y of Don Ohm /nrorfwtaltd) 
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Figure 30.11 (1 op) In iht* liisk rcliniri slink flows Kctwtm rnlatinf^ gi uiivril plates 

which sepal die huncilcs into irirlividual films (Kuttoin) Di tails of disk design {( rm; 
ff I’V of Boston t mersmi ) 

stages A fiiiiimrin example would be ihlonnation followed eauslii exiiarrion 
as the hisi pair ol the sec|uciue, this would be followed bv hypothloiitc 
bleaching, also followed by fausiic extiartioii, with a final ireatmcnl with 
chlorine dioxide In pulp mill icimiiiology, this wouhl be identilicil as ( tHtl) 
bleaching Iheie is as vet no piailiial wa> to leilami ihe maleiials exliaiteil 
fiom the pulp during the bleaching opefaiion, and these liquors cniistitule one 
of the major pollution piobleins in the piilji mill 1 his production of stioiig 
wastes from the bleaching O|>efation is shown in a typical bleat lung sequence 
diagiam, Figure SO IK 

When oxygen is inthided in the sequence, it is the fust stage and icpiaces 
chlormatiun and extiaction. sigiiihLaiitly redutirig the concentration of wastes 
and the load on the waste treatment plani 
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Flguro 30.12 Inihi ]i»idaii iilmei stinkis Intifcl Intwct-n a ir>tal 
in^ phi)> and a starm Ixilh of uhich havf* (;iiioVLd suilaits iir blades 
In lirtak up fihii liiiiiditik 


Oiliu bleaLJiiii|> iiiiIijcIl /iiii h\ di nsiilfili whiih is usrrl Ini hleaLhiii^ 

i*i iiLinilwiirnl pulp, sullui iJidmiIc Ldiiiii in i liliiriiiaLir)ii fidlimcil h\ siilfui 
ilinxiilt 


PROBLEMS CREATED BY WATER 

1 lit It aiL .1 \.iiiL'lv 111 isatti iil.itfcl pirihlenis iii llit pulp mill m .iddiliun in 
ihnsi .iluarU nu iiLiuiitii 1 lu si iniluik intiLaiiiiiiaLinn i)l sKmiii cinulttisaU, 
(liscli.it^i f)l i mil f nil .itcrl i\aslLS llial laiinrn In icimtiLil aiul iiimitiinci 
abli wain i nniaiiiiiig in^aiiii inaULi anil utliei reiliiiin^ iluiiiiials that punliut^ 
a luad nil llit w.isli hcaliiuiU plant Out iii llit* piiniipal piobkiiis is Jnaiiiiii^, 
iiuliKitl b> lilt sui faic-ailivi naliiit nl sinni n( tiu ni|;>anii niatlt*t tviiaiiril 
linm lilt wninl ( hemiials Ini Inain iniitiol aie inmniniiK iripiiml .il tin 
S 11 tins anil wasluis in iiiaiiilaiii piiirliulinn lapaiitx 

\ iiiniL ililficull pinhlcm to tniiiinl is llit piniiiulinii nl stale in i\apniatriis, 
wliiM till fiiailiial nil r tMSL* 111 cnniiiitiatinn nl biilh inin ^aiiii anil nr^aiiii snliils 
laiisLs till snliihilitv limit nl tiiliiuiii sulfalt* anil nilui mairiials in bi ixiiccJid 



Figure 30.13 Ruiaiy screens lan handle lat|;i* flows and tlassity hlieisby theirsi/p Ihese 
screens aic insialled ahead of a bleaihed krafl fmidboaid machine (C ouriis^ of BUuh Claw¬ 
son Company ) 
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Rguru 30 15 («ifuiiiilHniici null ]iifHts»i llimshtci 


ll IS Luniiiinii |ii iLtiLL L(i bdil out m Lxapin iloi hiiIi HiILli on i siluiliiUil basis 
ti) ki c |) ibis iinclii iiiiilinl SiiinLtiiiiLs ibt wiUi uslcJ Ini bnilnul can hi ii 
iliiniicl if ll IS suHiticiitl> iuiicLilli 111 [i In |iislil\ puLLiii|* iiilii ibc isapni uni 
iiKiiil snriu of llu walci iisirl Ini ibis npcialinii hin\L\Li musl lie w isli li and 
ibis iinpiists 1 liijii nil llu waslc liLaliiuiU planl 

As 111 sn man) nlhti iiiiliistiial opei iLinns using waUi innnsiim is a lonsLant 
lliiL.il Ini lliL mnsl pat I ibis is kcpl uniUi iniilnil b\ iht si li Limn nl suilabU 
illn\s ni pi istics bul lmii allnys m i> bt sub|til in (oiinsinii when muinbial 
iiii\ii\ may r msL slinii clc pnsits IniiunaicK mam nl llu iiiiuiis iic itla 
ii\l 1 \ lint whiib in use II pii\enls sliiiit gmwlbs bul iiiiiinbial iilivils frt 
i|iiLnll\ cltvilops 111 till ifNiki aieas nl ibt pulp null svsliiii 


SECONDARY FIBER RECOVERY 

\^ istt papti iiiil bnaid iiiaki up a maim law m.ilLii.il it^snutLL Ini ihe papti 
iiulijsrr\ Ibisf wasLLS au sniud and iht lIuiill btlWLLii iht iJiflLieiil giadis 
and ihui pines dLlciminis him iHlv ait icpnuLsscd and the t\pt of finished 
sluei prnduftd and ils cost IIilil iil abtjiil 40-50 giades laiying in c|uality 
linm ikan Llippings hum a papei LonsLiied (slilIi as Lmelript simk) in niws 
punt and used papii flags I Iil pnoitst giadc is unsoilLd (Mixed Cviaili No 2) 
Ilic law stnik is iidutid in sliiii) h\ agilatmg with hnt walci in a mixing 
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Fresh woter 
or while woler 


m 


Excess Id sewer 

Figure 30 IB Ki ili mill |]li1|j lili ii Imii; ( 1 D11) sc i|iimul 

link (lif/iiic ^(1 IM) Stunts hailiiif^ uiit* papii ilips anil niisLcllantniis ilthiis 
III sipaiauil at this point If ilit sunk is pniitirf mailt i anil iht fiiiislu rl pulp 
iiiiist III i ipii\ iknt 1(1 VII|iulp it is di iiiktil I Ins opt latinii invnlvi s lu Uiii|> 
lli( stink to ihiiiJi 150 I ind uldiii|; (himital ai>Lnls In itlcasL llii ink finin iht 
lilxi I nlloHiiif; tins tin sloik is siiiinid inrl wasliid iithii bv llnlalion 
(li^iiii 10 20) ni mil side lull u isluis \l this pninl 1 1 1 \ and nllu i lilk i whiili 
( 111 ininiiiil In is niiuli as 15^ of tin v\(i(;lil of tin taw slink nt st pai ludaiiil 
1 1 innvi rl li niii flu s\ sit iii with tin ink flu si sipaialid w istis piistnl idifhiiilt 
dispns il piobkin as ilusi solids iii hndtudLwilii Tin diwatiiid i iki i in In 
list d IS 1 iiidhll whiih in iv still pitsinl i ]nnbkni sinii IniH dispns il silts luai 
plains ill hiioniiii^ si iiii 

1 ill stioiidan Idiei ]ndp mi> ^n dniitlv to ii i\lind(i mat him loi in inii 
liLliiiL of Luiiu^ariii^ nudiuin It ina> bt bkaihid and dytcl lor llit inaiiu 


Figure 30.19 Hydrapulpci 
(C tmrifw of Black (lawson f om 


I 









Figure 30.20 FUitarinn hy dispersed air separates 
ink sludge released Iriiiti recoverable fiber by iJeink- 
iiig chemicals. (Ctturte.sy of Voiih-Mordm, hit:.) 


f'actuie of tissue and toweling. Other produrts of secondary fiber processing 
include newsprint and writing papers. The same kinds of screens, thickeners, 
and cleaners may lie used in processing reclaimed papei/lioanl as are used in a 
mill prcKiessiiig virgin pulp, as described later. 


WATER REMOVAL FROM PULP 

The finished pulp is sent to the paper mill liir conversion to paper or board. 
Dilution water, the majority of which conie.s from the paper machine wire pit, 
reduces the consistency of the pulp to less than 1 %, and oJten below (3.5%, ahead 
of the paper machine. To convert this to the finished sheet, the 99.0-99.5% 
water must be reduced to produce a sheet usually containing less than 6% water. 

The least costly way to remove water from the pulp is by drainage through a 
screen or wire, and this forms the basic part of most paper machine designs. 
Thereafter, water is removed at iticrea.sing increments of cost, first by vacuum, 
then by pressing, then by the blotting and pressing action of a felt blanket, and 
finally by evaporation as the .sheet is carried over a multitude of stacks of steam- 
heated drums. 
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FOURDRINIER MACHINE 

rile mosl rommijii paper machine is the fuurclt inier, illustrated in Fif^ure JiO.SI. 
The water that drains lhriiii);'h the endless wire* bedt is collected in a pit and re¬ 
lumed to the flow of incoming to maintain the consistency at ihr I'eed 

point (the headbox) at a ciinstanl value. Sizing chemicals may be added to the 
stock at the headliox to produce certain desired sheet [|ualities. Since the water 
irorii the wire pit, called white water, is coiiLiiiuously recirculated, the addition 
ol soluble chemicals, or chemicals that form soluble byproducts, results in a 
gradual increase in the dissolved soliils in the while water. The white water also 
contains libers wdiich escape capture on the sheet. F.xcess w'hile water is bled 
Iroiii the system, usually passed through a device for reLlaiming fibers (called a 
saveall) and returned upstream in the process, often as lar upsLream as the pulp 
mill. 

The shed leaving the IniiiTlrinier machine, called the wet web, may contain 
li-1 lb ol water per pound ol liber (3consisienry). It has verv poor 
strength, so a verv rlelicale balance ol'output from the liuirdrinie] macliiiie and 
lliroiiglipul at die press rolls is necessary to keep the wet web from breaking, 
riie sheer leaves ihe fell section at a moisture coiiieiu ol oidy 20-409?, aiul the 
long slai.ks of drying rolls evaporate this moisture, delivering the sheet to a tinal 
calender slack lor smoothing, and then to die reel as a finislierl |]roilucl with a 
moisliire contenl ol less than IP/r. Fhe overall schematic diagram of ihe paper 
iiiachiiie and the drying section is shown in Figure 30.22. 

In some |.iapei mills, the paper may be H ealed on a special si/e press located al 
some point midway belweeii die ends ol'the drying rolls. 

As ill the pulp mill, sometimes ceiitrirugal cleaners are installed on the paper 
machine system lor purilication of the recycled w'hite water, rhere are a lumiher 
of kinris ol'.savealls used lor recovering fiber I'rom excess white water, a coinmnn 
fine being a dissolved air flotation clarilier. A unit oi this type will typically re- 



Flgure 30.21 Fnurdrinier paper machine installation liMiking irom hcadbox toward 
dryer sectiiiii. 









Glorified 

water 




Figure 30.22 Simplified flou diagram of a fouidrmiei pipei inithme thr m Pulp ivd Paprf Science 
and Technolngy ul 2 Papei MtGia l Hill 1962 
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iliiLL' su&p(Midefl libpi finm a iniKcnlialion of 200-300 m|r/l U) a residu.il ol 
2^1-50 nig/1 ptoduLinjr a fluat with a luiisisleniy i>f approxiniaiely 5^/. 

CYLINDER MACHINE 

Aiuilhei (iimmnn type of papei iiiaLhine is llie lyliiideT inailiine, lomninnlv 
louiicl 111 siiialUi nulls anil oJllii used loi tlit piiKliution ol hcavici giades of 
papti lioaul A i\piial lylindii maLhiiu is shown in I if;uic 30 23 1 he finished 
sheet lea\iiig the ivlindei maihine is piiiiesseil siinilail) to the sheet leavini; the 
fiiiiT rh iiiiei, li\ a battery of sieaiii-heateil dtVLi Kills Ileaviei boaid iiia\ be 
ikwaleiefl on a single divei drum, the Yankee diyei (l<i^ute 30 24) 

On liolh types ol iiiaihiius the sliiel niiisl he liiinmed to an exait width de¬ 
pt iicliin^ on iiisloinei i eipiii einents, and the tiiiii is folleileil I or iepulpiii|> 
fills inalerial anil biokt, ifie leiin lot evttss pioiliiit which i.iiinol Ik* handled 
at iIr 11 el, aie leii to .i he.ttii (I ii*uil U) 2 ^i), wheiL they are nnxeri with white 
walii to piriduii .1 pidp ol a innsistincy whiifi laii bi letiirned to the pulp null 
(11 held 111 a stock lIilsI until it lan In iitiiinid to tlu papLi machine system 


MICROBIAL ACTIVITY 

IfIvi n till coiidiiions of oi^aiiic libel, lelhilosc, iesidu.il ol^anlcs exliailed licmi 
ilu wood, anri w.iiin, o\v|<(nialed walei in tlu white water iiiruit, baileiial 
li’iowlhs hecijiiu one ol the iiiajoi pioblcins of papei inaiiulaitini If these 
i^iowths ait not Lonti oiled shines loim in the pa|n i machine s)stem and 
|iLMioduall\ bleak loose to c'litei the ciiLUit, hncl then way thiou^h the headbox 
oiilo ihc papti iiiaifiiiiL, and dcwelop .is impel ft i tions m the finished sheet 
t qiially iiiipoi lain, these jrioyMlis k'ad to toiinsiyc atlaik e\en in stainless steel 
alloy systems Iheielou, one of the major pioblems in pajiti inanul.iLlure is 
miciobial control with chemiials that are eilective anil at the same Lime sale to 
hancih* 

1 he tieiid toward lif^liLeniiijr iij) the paper system to ledute water consump¬ 
tion has lesidted in tlu buildup in the content ol IjoiIi inoij>anii and oi ^aniL 
solids in the white watci system, acceniualing the pioblems ol slime rontrnl and 
I 011 OSIOII (ontiol lojrinr shims the lesidls ol coiiosive aliatk id stainless 

sitil caused by slime loimaliiin and the action ol .maeiobic Ixuteiia at the slimiV 
metal inleilace ti^uiL 30 27 shows shec't iniperlections caused by bactirial 
iidoniLs 111 the white walei systc^n toamin^ is anoihei watei lelated pioblem 
that has becMi acteriLualed by the tlosiiij^ up ol the papei mill white w.itei rncuit 

Heiaiise water is so impoitant to the pulp ami paper mikistiy, it is cominon to 
find III modinii pulp arul papei mills a water iieatment plant as sophisticated as 
a muiiiiipal plant irealin^ potable walei 1 he t|iialny ol water Tec|iiiied in the 
plot ess varies with the grades of papi*i being prodiued and the specific aliniis 
frii these grades 1 hese are generally summaii/rd by I able 30 ^ 1 he standards 
shown in I his lahle have been subjeLt to considerable exceptions in past practice, 
and may lie revised in the fiitiiic' as ihe iiickistiy learns what it can do willi highc'i 
I one eiitiations in the pi cm ess water stream as mill systems are Lightened to re¬ 
duce discharge 


DESIGNING FOR THE FUTURE 

UnioiLiiiialely, there is sianLy data to guide the designer cd .i new mill in the 
ijiialiiy staiulanls reijuired lor makeup water, which miisl Lie satislailory nut 
only in pioduring piodutr^ that meet market standards, but aho in i oiidiUnning 
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Rgure 30 24 \ inkn (< ourtt\% n/ tl R ( orporrifftri ) 


lilt uiiLi tl) until I It iitiiliLi iDiinsiu iioi St ik li)iiiiin^ nnili i llic with \tiiLh 
1)1 situ ilimis ()Ltiiriiii{r 111 tht |iulp >iiHl paper null 

I 1)1 lilt iiiDSl pill w ilLi til unit 111 |>laiits li)i iiLW mills au clLSi|;iiLtl liasiil tin 
]Msi Lxptiifiiits anil iipLiatin^ pi at Hits iIieII ma\ In i|iiiu ililkuni lioiii ihc 
Lxptiuntis ihc null will tiuoiiniLi as polliiliDii uniiinl re sliiitiniis htumit in 
lit isin^K siiiLl OiiL ol ihi f nnst qiieiiLts ol suit in ilisihai^t u ^iilaliiiiis may 
1)1 1 ulaxiLiiin 111 piiidiitl i|ij iln\ Ini txainpk hn^liliiLss has bitn assuiiali tl 
wiih i|ii iln\ 1)1 lint papti mil tiuii is liuk duuhl that llit biiKlitiuss athitsabk 
iDilas IS bLVDiicI wlial is itqiinifl liii k^ibilit> nf Imnks and dm unit ills J his 
hri^hlniss is aihiivrd U ihi txpfiisi nl limit stuit thiinu d lit iiminls in 
pi messing whuh adil in iht |)()llutinn Inad A itlaxalinii in biighliuss stindards 
Ini paper pinrhiils ihen wnuld sttni idiisisIliiI wilh ilit gnals nl itduung llu 
pnlliilinn Inad on llu waslt liLainunl plant 

l*ri)Vifhng a gnu i il idea on ihi \ niiuis uses of wain in i topical pulp iiid 
papti mill labk ^0 b shows bolli tlu snhiiiu itqmnil and ihi wasus piotliutd 
in a l)piLal 300 lnn/da> kiall null with lonsLulional t him me and hypoLhloiitc 
bit aLhiiig 


WASTE TREATMENT 

riu points of wasu prndiiilion will bi ippaitnl linm i slutly t)l tlu flow sheets 
of iht difltitiu pulp and papti inaiiulaitiiiing optialunis In llu presenr state 
ol the ait most mills have tighltiittl up thtii waiei s\sti ins lo 11 flute disihaigt 
bin have nni done so to thi extent that dissolved soliils build up osti 3000 nig /1 
Ihtie is substantial flow ol excess walei lansing wilh il llu icjctts frinii pulp 
tleaning ixeess pulping liquni which unild mil bt leLlamud, ibegs finm iht 
themual teciiSLi) aita maleiials ixtiacted Irom the pulp during bleaching, and 
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FigurB 30.25 (Top) Ihi hnllancici Ijcdic.! was an i arly dc vu t loi it lining 
pulp and IS still used in iii my mills foi rtpulping bioki (Roltnm) Plant 
mstallaiion 



Figure 30 26 Cmiosinnul stain 
less &ieel sieve in a papci mill 
i aiisrd by sulfatL i educing bai ieila 




FIgurs 30.27 Shtei imixilei 
imiis It I L iijs« fl hv slciu^liing ol 
slum mass into mu hint systcrni 
In ihis |]hiilii the itninsal iil iht 
sliiriL mass Huiin^ lalindtim)* 
kh 1 hrih III ihi hlitrl 



I xc i ss 1 Lay and hllc i not i (tainc-il Ij\ lh( shrt 1 Siiu t a ^iM)d piirlinn of tin wastes 
ait iiiganii rnaieiials ixtrailed fioin ihc woud.ihi Bf)l) of ilu Loinbiiud wastes 
IS usually quiu liii^li—on ihc indLt of 50 J 50 Ih/ion ol pioduil in lypiially in 
lilt raiigt of 100 100 ln^/l SuspLiidid solids livils may Im as low as ol the 
tiOl) valiiLS Biiaust this is niii |;itally iliikienl liom miJiiRipal siwaf^e planl 
loadings ihe typi ol wasU IrtalniLnl faiilils installed iii a pulp and papir mill 
IS ^fiifially quilL ronipaiabk to what is litiiiid in miiiiuipal tiiatniLnl plants 
Table Ul 7 shows llit tanf^c of siisptiidtd solids and BOl) loadiiifTs found in a 
sanely of pulp and papti inanulaLliinng opttaUoiis ti^iiiL ^0 2H shows flu lay 


TABLE 30 5 ProcuM Water QuelNy Slenderde 



Ki ill 

(iiouiid 

Soda and 


1 nil 

pipll 

wimd 

sidlale 

Siilist nil t niR/1 

pape 1 

(Ilk ilIuiI) 

papf 1 s 

pulp 

lurliidily IS SiOs 

10 

10 

50 

25 

1 nliii in platinum units 

5 

J5 

10 

5 

Inial hariliiLss as 1 a( ()| 

11)0 

101) 

JOO 

ion 

( dkium hairiness is ( at ()| 

50 

— 

— 

50 

Alkalinity to methyl nianf^c 





IS C at O, 

75 

75 

150 

75 

lion as Ft 

1) 1 

0 2 

0 1 

0 1 

Man|;anLsi as Mn 

0 05 

0 1 

0 1 

0 05 

Residual thlonnL as ( b 

•JO 




Siliea (soluble) as S1O2 

20 

50 

50 

20 

lolal dissolved solids 

200 

TOO 

500 

250 

Fl ce (ai hon dioxide as C Ot 

JO 

to 

ID 

10 

( blondes as ( 1 

— 

200 

75 

75 

Mdjpiesium hardness as C at 

— 

— 

— 

50 


1*1 om lAPPl Monof^raph No IH 
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TABLE 30 B Emuonta fram a Typical 500 Ipd Kraft Mill (built In 1800-1865 parlod) 


Pi im I ss 

tHIiienl gal/lnii 

Susptndcd solids lli/lon 

BOD Ih/ioii 

1 Debatkiiig 

2 ( imkiiig ind 

2 hlO 


7 

washing 

\ Suetniiif; and 

.;iji 

— 

0 

eUaniiig 

1 BkaihiiiK 

too 

^1 

21) 

a \rid 

1 "i 800 


22 

h L.instil 

10 000 


11 

5 Pulp shi et 




friini itiiiii 

I O'lO 

j 


b 1 \a]M)i Hum 

1 8^)0 

0 2 

M) 

7 C uistiM/in^ 

1 IJO 

0 2 


8 Reiineis (uniati 

\ OhO 

0 2 


loLal 

HI 784 

710 

00 


ciiir ul a hkarhcil Liall null usin^ tuiirnl itthnnlu^v Idi wastLu till itt itnirni 
Ini disthaige to a iiLaibv 1CLC sirtam In this paiiiiiilai pi ml ilu piiniaiv 
claiifiLis haiidli ntd) thost wastLs laiiviiig n\t*i ^i(l ing/l suspindtd snliils ^Itii 
iltiiil)iiig ilitM waslLs iliL rflluriil is intiibinid willi llu itinainmg Inu snliils 
sticams (siuli as bltaih plain lIHui ill) and tic atnl in an ixicncUd an ilion pi ml 
fni bifilngual itilutlinn ni nigaiin solids Ilu digested wasli is llun pinirsstd 
thiniigh a final ilaiibii fin disihaigt In tin iLiLiving walti labli i() K slums 
ihc aiial\sis of tbt laiv vsasU site anis anil the hndeflluiiu llu design of a ti i al 
mtiil &\slem id llns type lequiiis innnlhs nf pilnl plain sliid\ In diliniiiiii llu 
langL nf waste ionic iilialiniis tn be anLiiipaled in evalnatt llu pLifniinniic nl 
the aeinbit digestion systiin undci a broad lange nl ti ni})ilaim i s anil pH 



Figure 30.20 lypiral layout of waste tieatmtiil system foi a blraihed krati mill 
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TABLE 30.7 SourceB of SoUds In an InlBgratod Mill 


Area 

Suspended solids, 
mg/l 

Dissolverl solids,* 
mg/l 

WiKidriNiiii 

500 700 

700-HtM) 

Pulp mill (blearh plant) 
Causlii' exlrarl 

00-«0 

4000 

Ai'.id ex 1 rail 

00 80 

1501) 

rrilal 

200-2.50 

1HOO 

Remveiy plant 

sooo 

soon 

Pa[H?r inarliines 

n)0-700 

SOO-400 


^ liirriMSt* [ivi'r solicls Irvcl in mill w:il.L‘r. 


values, anrl a slurly (»! ilie upliiiuiiii prfueclures lor (levvaleiiii^ anti disposal of 
waslr sludges. 

\nl only an* lar^r volumes nl‘water needed lor prnress, but also lor the 
rralion ol sieairi. The pulp and paper induslry is enei^y intensive, and the 
or^anii matlei (surh as bark anil lignin) exiraried IVom the wood lits into the 
overall planning and design id a steam generalion system to utili/e these wastes 


LdsI or Id 



FIgurs 30.29 IlypoihetiLal steam flows in a kraf't pulp/pa|^r mill. Disiribuiion 
varies somewhat seasonally as air and water temperatures change. 












TABLE 30 B IntBoratod Pulp/Papar MIN Wails Traatmaiil 


t onstituent 

Inlet 

* t 

1 ap^Min 
fpt d 

final 

efllurntf 

Susptndtd Siiliris iii^/l 

54(1 

140 

KNl 

210 

Alkalinity mj;/! as C at ()i 

224 

(71.0)^ 

424 

12 

pH 

7 t> 

2 4 

72 

h 4 

BOD niK/l as O 

244 

14b 

154 

11 

C OD in(;/l ds O 

0 411 

75(1 

700 

450 

I C)( nifj/l as ( 

27(1 

2 4(1 

2h0 

no 

( midiiLl iiiiL fini 

120(1 

hlOO 

170(1 

I7(N1 


* filKi I Diitaiiiin^ siriaiiis ti urn papci null 
t 1 nwci sus|ii.iirlc.d Milids siitains iiuiii pulp mill 
t Williiiiit clieiuii il rii i^iil iiion 
I) A<uiiiv 

as a fuel sfiiiiLe HLiaiist lai^c \iilunies of stt-ani ait iiCLiitci lui llii |ja|]i i mi 
ihiTiis paitieulaiK ihc Hiyiiif^ iiilU iht iiiilusirv npliini/t s tliL lii at balaiuc hy 
loniliiisiii^ liiilniic txhausl on tfu niailiims niakin/^ it 11 i>iii>niiial loi ihc 
iiiclustiy to pindutr its own cltiiTical pfmei 

\ fhm clia|riain and hi at balanit of i su mi fiitit latinn plant in .1 tvpual ki ilt 
mill IS shimn in ligiiti ^0 In an initi^T iled ki ill piilp/papi 1 null 1 stiam 
plant of ihis l\pt i\ill piodiui in the laiigi ol '1 (100 10 000 poiiiifls ol sli im 
pi I ton of ptodiuiion I hi opctalion of ihi ulihliis svslim is so iiiliial to thi 
pindudion process that ilii pioht 01 loss of a mill it (jiiiii s i ffniLiii peiloi inantt 
ol till iJtiliiy jilaiil 

SUGGESTED READING 

lurid II I (ill) Industrial Piillutif H i t tiftul I l/tmlhi of Mi (a ml lilt NiwYoik IM71 
Slinvt K M ( lit muni Punt ss hid ustr If s Irl li1 MiUiiwIIiH Ncw\iiik hHi7 
U S I ii\ii iJiiiritiiCal FrutCLiiiiii A^iiicv Dntlvpmtrtf Dinurrunt /ur i riMtnfhfdKfn/tt^ Stmi 
(lumualPiilp IPA 14(1/1 74 025 i Mas 1071 





Chapter 31 

Petroleum Industry 


rthniii^ IS one* iil ilie iiujoi iiiaruilailining* iiirlusfiies in llit* I nireiJ 
Sl.iUs, pinchuing moii than nl the pilinkMiiii |iii)iluils i Diisuiiitil in this 
fininiiy Ninrly pnirnl nl lliisr an lutls suppUiii^ nvei Uy'4 nl tht iniiiitiy's 
cniMfry nerds Pl.isliis solvents, asphalt hihinants, and inleniiediate iheinuals 
aiL aniniif^ the more ihaii S,(KUI pindiicts made linin peitiileuni 

Ptti oleum lelinin^is a c rmtiiiiious npeiatinn ini in pniatin|ir .1 niiiiibei nl iiitei- 
1 elated pifKess units It is one nf the laigest ‘ wel" }ji messing indusliies 111 the 
rimed States 

Beiaiist It IS used in flu iifiniiv fni healing, inolnig and piiKessiiig, walLM 
IS an important laitm in process opeiaLiiiiis A lelineiy may diaw walei linni a 
vaiiets nl snuiies, and the tieatment piiN.esses used to londitinn this watei van 
aifoidmgly 1 it lie in mi ireatmeni may be requiied Ini some well waters, while 
other watei sciiiries may requite an extensive plant ini nrpnraimg 1 lanlualioii, 
sollening, and hltiatiiiii I he types ol watei tieatment problems lieie aie much 
the same as in iither iiidusliial applualiuiis In geiicial, the basic watei How 
sthenie is illustrated 111 Figure SI ] 

Aftci initial pr messing, the water is usually divulerl into several sir tains loi 
use throughout the refinery At most Imatiniis, this watei can hr used diteitlv 
as tooling tower makeup, with little or no liiithei pretreatmeiit Ilnwevti, an 
extensive treatment scheme is usually necessary to produce the high quality 
water required tor boilei feed 

Figure 312 shows a typiral watei haiiilliiig system designed lor a laige re> 
hneiy utilizing a suilate watei souice as plant makeup 

Kehneiy pi messes aic net ronsumers of heal, to the extent that of the 

heal equivalent of the inLiimiiig crude is used m the lelmciy opeialums 1 his is 
provided by rehnery by-pioduc.ls, inLliidiiig ofi-gases, residual oil, and coke, m 
many cases supplemented by natural gas A typiial pi mess heat balance is shown 
by Figuie 31 3 This does not include heal recovered in prncess-heal boilers 
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Woler 
supply at 
BOOO gpm 


Once-through cooling 3500 gpm 


3500 


gpm 


CoDling lD wers“~[ - 


900 gpm blO¥fdDwn and losses 


Fluid cal cracker B pirhangers 
Platinum reformer -12 exchangers 
Crude unit 6 exchangers 
Unsaturoted gas plant 10 exchangers 
Saturated gas plant -10 exchangers 
Hydrodesulfurization A exihongers 
Coker 7 exchonqers 
Sulfur plant 3 exchangers 
Miscellaneous utilities gland cooling pti 


bOO 


gpm 


-^•j^Boilers j- 


50 gpm blowdown 


650 000 Ib/hr at bOO psi 
too OOO Ib/hr process heat at 150 psi 


Stripped condensate 


350 


gpm 

50 


350 gpm 
w | P rocess ~j- 


■|~Desoltin7~|- 


^50 gpm 


350 gpm 


gpm 


> 1 5ai 


Sanitary 


50 gpm 


Figure 31.1 Warn uses m i i\|m il IVIOOO JilM) ufiiiiis 


Id wa t*» irpotment 


ol 1 ^00 gpm 





Cleon aoter 
sewer 

to river 



Figure 31.2 Water iimditioniiig system treaUiif^ siirlai e watci fur refinery iisagL 
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Sourc B pf ene rgy 
Crude oil 
Distillate oils 
Residual oil 
LPG 

Natural gas 
Refinery gas 

Coke 


Percent of total heat 
Nil 
1 6 
90 
1 3 

362 

351 

131 


Figure 31.3 RcIiiuia finni'ss 
Ik .11 balaiu l 


Steam (purchased) 1 1 

Electricity (purchased) 2 6 

Total heat requirement is approximately 674 000 
Btu/bbI of crude processed 
SOURCE From U S Bureau of Mines 


PROCESS OPERATIONS 

I 111 II lining 111 |jLliiikiiiii |Jioiliiils aiul |ji li iuhLiiiuals invnlMs Xwn hasii 
iipi iiiliniis plivsiial i bailor, f)i srpaialioii ]ii m r‘*sr'», aiid (liriiiiial ihaiif^r, in 

I HUM 1 sifiii pi iM i SSI'S \ irliiuiN is a i nii|r|i>iiu'i an i>l iiianiilailiiiini^ plants, llir 
niiiiiljri NaiMiifTwilh lhr\aiii'l> nl pi niliii Is iniiiliii i il Ilir bulk nl ilu*se pi iid- 
iiils (ki'i DsniL's, [ml oils, lubiicaliiiK oils and ivaxis) an* fiai lions oii|rinall> 
piLSLiii 111 and subsL‘(|ui*nll\ sLpaialcd (loin llu limit pcMiohuni Soiiit nl iIu'sl* 
.III |jiiiifi(rl and supplL'iiiLiilL'd uilb niin-pL*li ob nni inaliiials lo inhaiue iheii 
nsL(iiliu*ss 1 01 L*\ainplL, soap is adilcil lo liibiiialiiij; oil lo niakt ^least* \ U’- 
liiirn ^ilb ball a do/t*ii piocfssrs, iiiiliidiiiu; distilLuion and Hacking, lan pio- 
diiii [lasolint', kiiosL'iiL. and liul oils I lit* inaniilai liii t* of sobriils itqiiiiL*s 
i\so oi ibifr riioir |)io( esses, lubiiratiii); nil pToibii lion, at Irasl b\L* moir, is axes 
aiiiiLht*! Iwn 111 iiioic Asphalts, i»i eases iiike, ^eai oils, lii|ui'ficil pelinleiini 
Rases, alksidle, and all the olbei kinds ol piodntls ibai laii be made would le- 
ipiiii as riianv as 50 dilJeieiil pun esses liguit il 4 is an oieiall How ditiRiam 
ioi a Rtiitiali/ed leliiieis pi odiii linn siliiiiiL 

As piesiouslv meiilionc'd, rehiniiR is basiialK tonieinetl wilb sejiaralinn anrl 
inmeisinn pi messes, larrieil out b\ indixidual iinil npeiaiions Basil to inosl nJ 
thesL die fill nates, beaters, and heat exibaiigeis, anil disiillalinii and cxliai- 
linn Loliiniiis Heal exiliaiiReis ait I>pna11> ol shell and lube ilesiRii, ulieii 
utili/iiiR iiKominR hydimaibiiJi feedstock as a LoolinR medium fni hot prnduits 

II addiLinnal cooliiiR is fet|Uiied—turn umiIiiir —this is done with water 

Distillation and extrailion die iisuall) the pimiipal leibnit|ues in producl 

separation Distillation sepaiates \aiious h)diiKaibnn mixluies into Lonipniienls 
baviiiR diHeienl boding |)oints In exiidilion, livdimaibims are sepaialtd based 
on then iliHeient solubilities in a spetilu solvent In some unil opciatiiins, 
blieis aie used lo remove siisjieiidcd toiilamiiiaiits Iroin the hydriKaibon 
siieam, such as caialyst fines and inorgarni prctipilales 

Distillation figiiie 31 5 illustrates a lypital distillalion tnlumii (pipe still) 
Fieheated tiiide is ibarged iiilo the bottom ol a distillation tnlumn at a prcNsure 
slightly above atmospheiu and the v«ipois rise through the loluinn, contaiting a 
down flow stu'am (reflux) As a result, the lightest materials Lonientrate at the 
top ol the loluinn, the heaviest materials at the bottom, and intermediate ma- 
teiidls in between Desired products are withdrawn at appropriate points Be¬ 
cause the lighter products (as vapor) must pass through the heavier products 
(as liquid) and must be in equilibrium with them at each point in the column, 



Liqupfied petroleum gas 
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Igura 1.4 Generalized flimchan fur petroleum lefining f I-font Sht^iu, R \ .< Pnut^\ Irf ed , McCrau-Hii 
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FIgurd 31.5 i)isrillaiif>n cniiiiiin uiili sirlesircain sKain 

Sllip|K‘l 


laili siieaiii iiniiairis some vt'iy volatile, luu-niiilciulai-wei^hl i DinponriiLs (light 
ends) 

As iiidiiaied iii Figure 'll sliaiii stiippeis aie soincliniLS used in leinine 
lighi ends from a sidestieam Die sideslieam is fed in the tnp nl die stiippcr, 
iiiuiileiiuiieni steam strips nui die light ends and canies lliein back to the mam 
f oluiim 

1 he wastes Iniin nude nil liaitinnalinii. and iii general finm must distillation 
iiiluniiis, Liiiiie trnm ihiee siuiiies Die lust is the water diawn finni the iivei- 
head amimtilaloi prim to retirrulalimi oi tianslei nl the h\rirniarhniis to 
aiinthei haiiinnalm Die watei that stpaiates Inim the hvilrniarlHins in these 
aiiumulatois is usually iliawii ofl and disihaiged to the oilv sewer s\stern Diis 
watei can 1m? a iiiapir siiuice id sullides, espeeiall) when sum irudes aie Inking 
prtM.essi‘d, it may also lontaiii sigmhiant amounts ol oil, chlorides, ineriaplans, 
and phenols A setond sigmhtatil waste source is discharge liom oil sainfding 
lines, this oil should be separable, but may iorm emulsions in the sewei A ihiiil 
possible wasle source is the siable oil emulsinii Imined in baromeiric condensers 
used to pioduce a vacuum in some distillation units (Figure 31 h) 

In vaiiiuni towers a sleam jet ejertor is lire rnosi widelv used niethoil Ini neat- 
ing a vacuum 1 he sleam and iithei vapors leinoved horn ihe frailionaloi must 
1 m? condensed, and the liquid lemovcd prior to discharge id the vapor to the 
atmosphere 

The l)aroinetrir condenser icindensc?s the slcarii jel by a water spray in a closed 
chamber, and the water drains down ihe baiometnc lc*g The oigames, oils, and 
steam i ondensate ai e intimately mixed in a lai gc vnluinc id c ooling water, which 
Lends to form difliLult-to-handle cinulsiuiis Newer relinenes use suifaie con¬ 
densers instead of barometric condensers These units consist ni a series of 
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Secondory 



shell and iuIk* exthaii^eis in which ihe < nndciisihlt^s are icmined, and the walei 
used lor (oolm|;> does not ronie into duett iniiLail wilh the ionilensaK* (I iguie 
31 7) The waiei disihai^e (loin the distdlaiioii opeialion is sent to the ieliiu'i\ 
waste plant, sonietiiiies thiou^h a sepaiaie ^ia\il\ oil sepaialion iinil 

Thermal Cracking and Ralalad Subprocaaaai In tlieiinal iiatkiiifi iinils. 
heaw lid fractions are hi okeii down into liglilei liai lions In appliiation id heal 
at high piessure, hut withniil ihe use id a caiahst Pioduilion ol gasoline* is low, 
hul middle distillates and stahle fuel oils aie high Vishieakiiig and loklll^, the 


Secondory 



Flgura 31.7 lubulai piiKe&s &tcam inndrnscr 
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Figure 31.B \ thiMinal uaikiiif; puKi^ss luaiiiiK iiipitccl nude (l^nivcmal Oil PiudiRts 
picMLss) iirttmShnii R V ( fninual Ritm\\Intlu\tnf\ Iti (d , Mrtwtau //iW, ^fu 1 «i^. 7^67 J 


iwfi iiKijni i\|iL's rjl iliL'Tiiial (utkiiig. m.ixiiiii/e the pnirluiliun ol latalvlu iraik- 
111 ^ leeclsiinks, inrliirillv iiuiCtisin^ i^.isriline piuduilirjn 

()il feeil IS licMiecl in a lin iiac i li» iiaikill)* lcni|)c.taUircs and ilic Liai ked pi nd- 
iiiLs ait sepalati d in a fiatlionatni (tiguie K) Thi heal bleaks ihe hnnds 
hnltlin^ ihe lal^e iiinlei nies Ki^eihn, and under icitain i niidilinns, siiine nl the 
iesulliii|i sniallei iiinleciiles inav leiombinr intti latgei iiinlciules .if^aiii Ihe 
pi iidiii Is nl this seuiiid i eat linn iiiav ihcn iletnmpnse intn sniallei ninleiiiles de¬ 
pt nding nil ihi (iriie ihes aie held ai iiatkiiifr ieni|>eraluies 

\ ishreakiii^ is a mild fni m id thei nial c i aiking, it causes lililt i eiluLlinn in ImiiI- 
iiig pcjiiil, hut sigtiihLaiiilv loweis Mscnsiis The feed is healed, ciaiked slighllv 
111 .1 fuinau, L|UL'n(hed ssidi light gas oil, and Hashed in the bottom of a fiai- 
iionator (las, gasoline, and i innate oil flat linns aie diawii off, and the heaMci 
hat lions are leivcled 

Residual nils mas be iiackeil In Iniin coke as well as the usual gaseous and 
li[|ind pinrhuls Ihe most wideK used pincess, known iis delaved inking (1 ig- 
nie 'll H) atcniiiiis Ini about nl ihe Intal oil inking lapacils 

I hetinal ciaiking units letpiiie looliiig waiei ami sleam on the liai (lonatirig 
inv\eis used in sepaiiile piniluits Some lowers einplov steam stii|)ping of a 
sideslieam to leniine light eiuls, leijuiiiiig an oxeihead tonileiisei and aLiiunu- 
laioi sssiem Ini jiiodui l/waslewalei sepaialion Wasiewatei usiialh tniilaiiis 
\aiimis oil hailioiis and inav he high in pH, BOH, ( C)I), NH|, phenol, and sul- 


Air 
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Ahiininurn chluiidc, sulfiini and, and h)dinfluritiL acid aic coniniiHi acid cata¬ 
lysis The cnnicnts of the lontartoi aie cinulaU'cl at hif^h velocitu's to expose* a 
laif^e suilacL’ aiea beturen the leaiting hvdioiaihons and the acid laialAsi Acirl 
IS sepaiaied fioiii llie hydincarbons in a tetoxen scition dounstiLMin and leeii- 
Lulaled to the leactoi 1 he hvdi oi ail)oii siieani is washed with caustu and 
walci lM*tine in the liaiLionaiiii}^ seilinns Isolnilam' is UMiicidaii'd to the 

leactni Irril, and a1k\laic' is diawn lioni ihc hoiloin ol ihc last liailiniiaioi (di 
hiitani/ei) 

And max lontaminale the (ooliiij; walei should lieai cxchaiif^cMs le.ik Walei 
drawn liom the oxeihead actumiilalois lonlaiiis xai\iii^ ainniiiils ol oil, sul 
fides, and other lontamin.ints, Vnil these aie iinl a ma)iii soiiiie ol wasu in this 
subpriMess [he wastes Irorii llie leartni toiiMiii speiii .11 ids whnh lehiuius 
max piocess In I ecoxei clean aucls, ni max slII Ouasinnallx sniiit ltakai;L inihi 
sewei ni cooling; svstem d(H*s onui I he rnaini 1 ont.iniinani t iili 1 iiil> ihi siwli 
liom a sultiiiic acid alkxlation umt is spent lausiii lioiii iiiiiiiali/afinn ol ilu 
hvtli ocaibon si 1 earn leaxiii)^ the leailoi 

ItsdrofhioiiL and alkxlation iiiiiis ilo not lia\e spe ni aiirl ni spt iil laiislK 
waste sliearns ^nx leaks 01 spills that iiixnixc loss nl lluniirli Lniistiliiii astiiniis 
anil ddluiili waste pinhleiii 

SulluiK alkvlation units iistiallx have a chilled walei it h il;c laiinn sxsuiii 
with sexeial compiessois which havt iiilical shell sidi 1 nolin^ watii nii iiiiii 
aiirl at lei lonleis 

Hydrotroatlng Hxdintieating is mild hxfliogeiiatioii (Finnic dl M) (h.ii 11 
moves sulfur, iiitingeii, oxx^en, and lialn^ens finiii a hxdrocai boo leed and 1 nii 
veils olefins (iirisatuiaierl h> droiaiboris) to saturated hxdiotar lions Petroleum 
leedstiKks laii^in^ fioni li^ht naplithas to liibiicatni^ oils are hvdio|;en treated 
I he maioT appliratioii of hydioti eating has lM‘en lemoxing sullui f 1 oin Iteils to 
caialvtu leformeis tn prevent calalysl poisoiiirig l^aih oi the thlferenl types ol 
hydi oil eaters, which xaiy in the seleclimi of laialxsl, 111101 pin ales a react 01 and 
a separator I he oil feed, pieheated to 100-700“!* (204-871°C ), passes ihi nugh a 
hxed bed reactor where it combines with hydiogen 111 the pieseiue of a legeiiei- 
able meidl oxide catalyse at 200- jOO psig (14-8') kg/inr') The product stream is 
rooled lx*lr>ie enteiing a sepaiatoi wheie exiess hxdrogeii gas is sepaiaterl loi 
use in other npeiations After separation, the pioduct is steam siiippeil tor 
rcmoyal ol lesiduaJ hydiugen sulfide 

Ma|f)r waste watei streams foiiu horn oveihead aiiiiiiiiilalois on h ac tionalrn s 
and steam suippeis, and snui watei sirippei bottoms Ihc ma|oi pollutants 
aie sulfiiles and ainmonia Phenols ma> also he pieseiil, il the Ixiihiig laiigc ol 
the hxdiorarhon lec*d is higli eoough 
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600 psi Dl 700" F 



UTILITY SYSTEMS 

1 liL sttiiin ^ciuidliiifi systiin is ilu licMil ol llu icliiifiy upciiilion, sinie suam 
IS A iii.i|ni Sfiiiici 1)1 Liu'i^> III ill! iLliruiy It in usliL Id dust |)iiiiips and inni 
pit'ssDis, In liial piou'ss siiLanis, and in snip sdui uaU^i lew iclinerics gen¬ 
ii alt eltiiiiiih but ivpualK pinduie I (Me nl then mntise pimei iLquneineiit 
\ ivpital want balaiiit is shown b> ligint 14 

llu pi ell eatiiic 111 oi boilcM leedwalii is orii nl the mosl iiiipnii.iiil steps in 
clluient boiJii opiiatiun 1 he sptiifii pieli eatiiieni si heme Im a steam geneial- 
mg syslem is de|K'iideiil on siuh laiiois as IkiiIci design, steam leqiinLiiieiits, 
heal halanie, outside ])owei losls, anil Kiithii expansion Mans lefineties use 
hot pincess snlteners, hlteis, and ion exiliange Hams 

Additional sieain is geneiateil m heal iccineiv and protess-heat bodeis 
These Ixiileis lan be loniiri thiinighoui the lefmeiy at the \aiious piocess units 
Piruess heal luiileis ulten lesemble shell and tube heat exthangeis in design 
In must lefineiies, the steam generated b\ the ptuiess usually condenses as an 
aiieptable equality londensate loi letuiii to the boilei that pioduLcd it The 
inajoi toiiLein in these systems is pie\ention nl cnnosion in the condensate 
system, partiLulaily at the pniiil of initial steam iondeiisaiion In addition, de¬ 
pending on the ptessuic of the ssstem, a triiideiisale polishing unit may be in¬ 
stalled In remove oil, corrosion piuducts, oi both, prim to letuining this walei 
to the boilei 


COOLING WATER SYSTEMS 

As staled eailier, the ctHiling requiiemeiils ol a lefineiy demand a large volume 
of water It has been eslimated that 80-859? of the total water requiiements ate 
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foi (»olin|ir if lODlin); towcis die used for wdlci (onseixalion I he iixdinfr sys- 
leiiis in d lefiticiy ate siniilai in those iniiiiii in many nidiuilarUiiiiif* jjlants, 
invoUing ome-lhf ouf^h, i eiiiiiilalinp;, aiirl Llnsed iimlinjir in mils While 

each of these s>sleius lan he lound iii the lefinen, the open reiiniilaling s>s- 
Leni serves the greatest demand fui pimess ciMihng Onie-ihroiigli tooling is 
beiorning rare exerpi loi i iiastal insiallalioiis dtsl^l 1 etl In use sea uaiei 

REFINERY POLLUTION CONTROL- 
WASTE TREATMENT 

Bioadly speaking, a lehneiv uasievsalei svstrm t(insists of 

1 A diainage and Lolledion svstciii 

2 (iiavitv ivpe ml waft'i sepaiatois and aii\ili.nies ie(|uiied to leiniivt ml 
and sediineiit 

3 rreatmeiit iinils m disposed l.i<.iliius In liandlt stgiegiiied tlieinual 
solutions and mhei pioiess ssastts and to Lmilicd llit illeils ol pnlluiaiits ilial 
have toxu piopeities 

Figure 31 1 5 is a geiierali/ed list ol wasteisaiei sniiiies and iheii segiegatimi 
into the vatimis sewci svslenis piovidid in npiinn/t leiist ,ind leiluie nviiall 
tieatnienl volumes in a miiiiiiiiiin Ihe ml-liee stwei inlleds wasitwaleis that 
have nni (ontaiied ml and that an nnl siibpHi to am nrliei i niiiaiiiinatioii Ini 
whiih tieaiinenl imisi Im' ptnvided 

Since these waleis sekluni (oiiiain sigiiifiianl ml iontaininalimi, tliev ma\ 
bypass AIM sepaiaUirs and smut niav disihaige diiedlv inlo llu lehneiv niitlall 
line llowevei, il colletted in a (nininmi seisei, ihis flim is iisualh mixed wiih 
oih %vasle alter VIM sepaiatois lor a ininmon litaliiieiil 

Ihe oilv looling water sewei svsitin is initiidid in haiidlt wait is lhal aie 
expelled to be siibjeit lo niinoi ml (ontaiiiinalinn linm leaks in lu al i'‘\iliangL 


Storm water 


Storm sewers 


Once through cooling water (below C b) 
Non-treoled cooling tower blowdown 
Roof droinoge 

Water treatment plant washes 
and filtrates 


Stronger wastes 
Desalter wosteMroter 
Sour condensoles (eicessl 
Borometric condensate (selected) 


Treatment plant wastes 
Strong woshes (caustic, ocid) 


Dll free sewers 


To receiving 


stream 


Once through cooling water (C-6 t) 

Oily sewprs 

Treated cooling lower blowdown 


API seporator 

Pod droinoge 


oir flototion 

Tank draw oft 


or both 

Barometric condensate (selected) 



Sonitory wastes 


St rong wastes 
Equolizotion 
API seporator 
flotation 


Sanitary sewers 

1-"I 

^ Trealmenl r 
I_J 


Alternate 
detention or 
seporolion 



To stream 


Figure 31.15 Suggested scheme of lullertion and treatmenl id lehnery wastL-wdtei!i 









equipmeni m trnm spills In the absence nl cuntaminaliim by cheniirals or hne 
solids which tend to cause emulsions separation of the oil from the water can 
be readilv au omplishcd 

Banmictiii condenser cooling water sub|efl to contamination by easily sep 
aiable oil but not i onlaming emulsified oil may also he include d in this system 
Ilu priKess waiti stwci s)sum collects most wastewaters that come into 
diteit coiilaLi with oil or that ate subject to emulsified oil containination or to 
cluiniLals limited li\ the plant dischaige pcimit WaUr fiom ihc process watei 
sewtr system is tieatcd in an oil water separaioi and pollutants remaining alter 
gt iMly scpaiition ire tciluiid by secoriilaiy Ireairneni inelhods 

Scpaiatoi skimiiiings which arc gtiutally reJttiLrl lo as a slop ml require 
ticalnuiu btfoit lliey can In tensed hctausi they contain an excess oi solids 
inii witci Solids and watci lontints m excess of I7f genet ally inter lert with 

pKKCSSlIlg 

111 ! sanilaiy scwci sysleni lolltcls only law saintaiy sewage and conveys it 

10 niunicipfil scwcis cn to leliiiciy trcitnuiii lacilitus Stale oi local icgulations 
iisuilly (leliinunc the sanitary clis|>osal i ee|iiii( me ills Raw sewage ran Ix^ used 
for seeding iifiiitiy hiologiial lieatment units 

Spend sysiLins niiludc ihosc iL(|uiieil liii the separate collection and han 
filing III ceilim wasus hiving physic d oi cht niii il piopcitics tint cause uiide 
sii ihlt die els iii ihc iifinely diainagc system oil w tier scpirators oi sccondarv 
he ilnieiil liciluies Spent snliilioiis ol acids and laustic loul condensates and 
dcgiadcd solyenis iit ivarriphs of senh w isics 

Mini wislewalci lieatment systems sepaiale jiolliil ints from ihc water by 
physic il clit mil il oi binlogii d nuaiis Ptimaiy tiealmenl lonsists ol physical, 
irid oil in i 111 line il piiNcssts Pinnaiy tie unit iil stpai lies the gioss waste load 
id ml iiiii sus|H ndf d solids liiini the wiiii Seioiicliiy lieahnt iit it menes mueh 
nl ihi 11 111 lining oigaiiii ind dissohed solid pnllutaiits by biological Heat 
nutil whiih imisiimt s mil o\iili/es oi garni niittii 

llieii ail a lew physical ihcnnidl or biologic il mclhods known as terliai) 
tiLiimint niihiding iitivitid caibon idsotplioii and liltiatiori As pollution 
lonliol ttguliliois bteonii iiinie siiiiigini iiitiiiy Li t iitiiieiiL methods will 
luLoiiic iiioic foniiiion 

Sour Water Stripping 

M m\ waste w lit 1 iniiicnts liom ])(iiole iim n lining piiMcsses oiiginaie liom 
the List fd slcaiii within thi pimesscs Ilu siibseciuiiu condensation of the 
sic am usually ihcuis siiiudl ineoiisly with the eoiidc nsuiein ed liy cli ocarfxjn 
liijuids and in the pieserue ol i hy tlioiaiboii yapor phase lhal idicn contains 

11 S Nil) M( N phenols anil nieiiaptaiis \jtei sepai ilinn liom ihr hvdio 
t iihriii liquid the condeiistd siciim loiUains ml and i niixliire of these eonlami 
Hants These wastewaters ate lypiully called sour waters ot Foul waters because 
of the unpleasant cidoi iharaiieiistic of dissolved hydrogen sulftdir 

Ilu animmts ol these contaminants in a soiii watei stream depend on the 
type id re fining piocess iimii which the stieam oiigmated as well as the feed 
sltxk to that preness and the piessuie level at which the steam was condensed 
wirhm the process Hit c oniaminaiii eiiiirenlrdtioiis in lypiral sour waters will 
usually lx *i0-l()0()n mg/I ll^S '50-71)00 mg/I NH, and 10-700 ing/l 
phenolic s 

I lie principal cmitiiminarUs in soui wateis aie hydrogen sulfide and ammonia, 
ionized as HS ^ and Nll 4 '*'^ res|>cetivily These tan be ic moved by single-step 
steam stripping, which is a simple form of disiillatton foi the removal of dissolved 
gases OI olhci volatile eurnpounds liom lii|uids Stripping is rather inefficient 
and requires large volumes of siiaiii Ixeausc these loni/td substances exert very 
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liitlf ^as iiiessun* unless rhe pH is ad|usirfl. Stiippin^ alsu teninves plu-iioJiis lu 
soiTU* extern, bill the .inirniiit iit plienoliis iiMiimecJ iiia\ \ai\ liuiii 0 in 0)/r. 

FftliiLMil walei hoin a snui ualn stiippei is nlien useil .is makeup In ihe ile- 
saltei. Relineis aie inxesti^aliii^ new silieiiies Ini iiunrpniatiii|^ puTlinns nt ihis 
w.itei min lehiieix iililiiies s\stems 

Spent Cauatic Treatment 

Alkaline snluiiinis an used In wasli lelineiv teases and li^lil |)rndiuls. the spent 
snliitiiins. ^renei.ilb d.issilied as siillidii cii |iheiiiili(. iniiiain \.it\Jiii> (|iiaiiliiu‘s 
nl sulhfles, siillales, |)lieii()lales, iiaphllieiiaies, sullniiates. meiia|ilides .iiid 
nihci ni^aiiir and uiin^anii Lniiipniiinls 1 best' i iimpininds aie nlleii leinmed 
brlnie ihe spent laiisiu snliiiious aie arlded In ii^lineix ellluLin Spent i.iusiiis 
iisii.ilb i)ii)«inale as bakli dumps, anil the bait lies max be innibineil .mil Lipial 
i/ed belnii bein^ liialed ni disili.ii^eil In ilit ^eiieial leliiieix wasliwaieis 
Speiii lauslu snlntinns tan be liealerl bv iieiin.di/.ilmii with spent .uid ni fbu 
gas, allliniigh snme pluiuilii laiisiiis aie snlil uiiliealerl Ini llieii leinxeiabli 
phenni xaliu* Neiitiali/.itinn with s|>Lni and is i.iiiiid in a pH nl m insiiic 
ma\iiniini libeialinn nl liMlmgeii sidlide and aii«l nils 

In llu lieaimt'iii nl speiil laiistic sniulinns b\ lliu i>as, lixdinxicles .ne mii 
xeilL'fl tn i.ubiHiales Sulfides, nieuaplidis. plieiinl.iles, .uid nllu i basu s.ills 
aie innxeiled tn bxdingen siilfirle, pliennis aiul meiia|ilans at the Inw pi I iniitli 
tiniis caused bx ibe Hue gas stiipping IMieiinls laii In* uinnxiil anil usi il as .i 
fuel ni laii be snUI llxdingeii sulfide and nieiiaplans aie usii.dlx snipped ami 
binnetl in a beam Snme sulliii is leinxiiid limn sriippi‘i g.isi's llu liiatiil 
snbilion will inniaiu rniMuies of laibniiaies, sullaies, sulliilis, ibinsull.ili s, and 
snme pin iinlii fnmpnmids Ke.utinii lime nl jfi-JI bnuis is iiM|unid Ini ibi 
fieuiiab/.ilinii nl lausln snluiinn wilb Hue gas 

SUGGESTED READING 

1 iiliil. II ] , (erl ) lnflu\hiaf ( tniiiol fifiHflhnuL Miln.iw Mill ^lllk 

Shi<\i,K \ ( htnuta! Inriustuts (i1 i il M(tfnu\ Mill Nivv Nmk l‘Mi7 

I S Fiixiiniiiiieiilal ISnleilimi Xgeiirx DfVflopmmt nmiimint for tht Pfttnhunt Rr/intft^ 
/m/iisfrv, H*A-14H/l-7f-()I4 a, \piil Pl7*4 



Chapter 32 
Steel Industry 


liiui aiifi sir(‘l iiiiikin^ use iiinir wau*i ihriii aii\ otlu*! inaniiltu incliisii\ \ 

I S siiiMv (lisilnsinl ihiil ihi* inriusiiy ivalei usa^i. ysAs abiml i (LS,10() nvV 
null) 111 Liiiiliii^ watci and S b^d ol pi mess uatoi Vppi(iximatol\ 2 bf^d id this 
wain m)iiiiLd snine finin id ihntiical Irraimeiii tii niake il suitable Idi use Of 
the "i b^ii id watt i that was used in pim esses, almiil b I'/f i eijuiied smiie fnini of 
iiialnient lx loit bt'iinr disiliai i^ed As a roii^li estimate foi an inle^iated mill, 
120 tuns id walei aiL usliI ioi esei\ Inn id steel piodiiicd (hi^uie ‘12 1) A sum- 
niais (d I doling w.ilei uses is ^islii in labJe ‘12 1 

BLAST FURNACE OPERATIONS 

1 he blast Jiunaii is iJie heail id the iton-making piniess lion oie, i oke, and 
limestone an iliiii^ed b\ a skip i.ii to the ii>p id a fuinate Most liiinaies laii^e 
lioni lb-2H It (1 O-H i m) in diainetei and mas be 100 It ('10 5 m) tall 1 ht law 
matiiials, fed iii laseis to the fuinaie, ate non oie oi pellets, roke, and liine- 
sione In the lowet pm lion id the fuinaie, hot blast an is m|efled ihioiifrh a 


Figure 32.1 In pTinlun 1 ton 
id finished iinii, the blast fur> 
naie iec|uiies 120 inns cil watei 
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TABLE 92.1 


Water Uao tai an 


gdl/tnn 


1 

Blast liiinaLe 

M.OOO 

88 

2 

Basic oxygen lurnace 

700 

8 

8 

Open hearth luinace 

8,b00 

18 

4 

Llectru arc tuin.iie 

2 bOO 

11 

5 

(a>niiiiufius casting 

4.200 

IK 

b 

Bai mills (hni) 

1.000 

f 

7 

Flail- mills 

4 OHO 

lb 

K 

Pi|>e mills 

21 HOO 

HH 

q 

Luld sheet mills 

8.lb0 

14 

11) 

Hcil sheer nulls 

lb 000 

bl) 

ji 

Bv proilucL coke plant 

i film 

10 

12 

Smui stiands 


1 '» 


senes of i iitumlerential openings lalleil iiiveic s .ii ahiuU M)- (*> ])si (2 hais) aiirl 
180()°F ) 1 he an Hims up^\a 1 <l llnough tht bin rlen ol law inaltnals in 

Lhe iiiiiiace, and gas exits the liiinaie top ai 4 5 psi (0 ^ bats) 

Coke (laibiin) icarts willi I CiOi aiui Fe>C), in liie fiiinaie, iile.isiiig llie non 
and produiing ( () and (.Oj gas 1 he iinii sinks in ihc luiiiaiL heaiih uhtri ilie 
iiriginal iinpuiilics in ihc iliaigc Limibine vsilh tin lime loinung slag, wlnih 
floats to the (op of the non I he gas leasing tht lop ol the liiinaie taiiiis liiii 
dusi, which IS sepataled and leioseied in tolleilion ir|uipniiiiL 1 he lombiisn 
ble exhaust is used in leheatiiig stoves and in giiutaitiig steam at boilei lionsis 
The non and slag an penodiLalU lapped and lolleiiid in spLii.il lail lais cvu\ 
two to SIX hours, depending upon iuinaiL Londilions 

I Cl keep this laige luriiaie woikiiig effuienlU, iiiuih iil the er|iiipni( ill ton- 
netted with the luinace uses c niiliiig watti at saiioiis points A modi in blasl 
luinace lequiics 1000-1'i,000 gpin ^(iT-0i0 1/sei) ol tooling watei 1 igiiit 82 2 
illustrates the riveiall dimeiisirins and geiieul loohtig water iitili/ation lot a 
lypital blast iurnate This gent rali/ed tliawing shows ihat the blast fiiinaie may 
be LonstiULtecl in two ways watei spiays may pi ovule tooling waiei on the outet 
shell oi the luiiiace, as illustrated mi the left side, oi as illiisiiated on the iighi 
side, the luinaie may Lontain slack plaies and bosh plaits wliuh are hollow 
passages lor cooling waiii built into ihc luinace wall llie piniiaiy task ol the 
lonling water on the stark art a is lo piolong llie lile ut the leliailniy inside ihi 
furnate Ihc slack area uses aboul oiie-tlnid ol ihe LOiiliiig watei Mow ihrough 
the fuiiiai e 

Wheie plates aie used, these aie generally lonnetled veitiially in a senes ol 
4-7 plates with water How ol 15-^0 gpin (1-8 I/set) in eath senes 1 emjx*iaiuie 
rises 12-25‘*T (7-1 ihioughout the stiics Ihe cooling demand loi the le 
Iraitriiy decreases as height above the ground iiiircases 

Figure 82 8 shows a hearth and bosh set non of the blast fuiiiaie Heie, Icm), 
either sprays oi plaies may l>e used for ctMiliiig Ihe bosh area icaches the 
maximum furnate tenifxiaiure, ranging up to 880()“F (l‘Ki0“C) At ihis point 
cooling lequircments for the furnate ate most iiitiial 

Ihe left-hand side of Figure' 82 2 indicates a carbon oi closed bosh anange- 
meni Here, the water sprays are dit cited at steel plates Loiitammg the rat bon 
brick of Ihc bosh area It may he seen Ihat the spray water is ctilleiied in an ang¬ 
ular trough directly above the tuyeic zone Also, a stack tiough is indicated ]usl 
at the top of the mantle line (aioling water from the blasl lurnacc is genet ally 
colleited in a tiiculai trough surrounding the furnace itself On the right-hand 
side of Figure 32.2, a tooling plate arrangement is mdicated Again, plates in 





Sproy 

cooling 

design 

Cooling 
water 
sprayed on 
outer shell 


Cooling 
water 
collection 
trough 


Bustle pipe 

Lower 

spray 


Tuyere 


Collection 

trough 



Plate cooling 
design 


Cooling water 
circulotes 
through plates 
in refractory 


Stack plates 


Bosh plates 


FIgurw 32.2 Hlisi luinati sihiniilii shiming twii ot (.unliiig warer 
s>sunis 


tins afLd Hid) ht. cHiint-iied in a seius id 4 (> pldlLs with a lenipcraluit use. ol 

12 25'’! (7-I4"C) 

1 he LCKlUn^ wait i in thi Lower sectiim m hiailh is not shown on the cliawiiif^ 
Noniidlh Laigi iliametci sttcl pipes lun diietlh ihiough this ait a to piovide 
inoJiiif; Stalk anil b«>sh roohiif^ equipincnl is easily aiiessible and LhaiigLable 
at failuie Hnwevei, should pipes in the health aiea laiL ii is im|)ossible to 
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Flgurs 32.3 Hlast lumair— wind lilimiiiK aira witli |jl>itLS iisi rllin 
b<ish lOfiliiiK ff npyii^ht JV7I h\ [ tiitt>d SUitf\ Shtl ( titpouitiim ) 


Tcniu^r and icplair them uilluiiil ina|ni mcthaid id ilii- linn.iu f ii;iiii V2 2 
also slums the area in ishiih the miilleii nn^tal and sla^ leside MolUii inaieiials 
aie ^enciallv luil allnued tn tearh a lii^hei le\el lhan |iisl hclim the Uimus 
I n the liiseie ana an piehealecl in stmes is hlimn into the liiiiiaie I lit 
tij\eies ate iii|)|jer-jackeled no//les with innlini; walti in the jaikels I leal [\ 
ihaii^e rates an Infill, sn it is niipuilaiil that the innlin^ s\slein he piDlicteil 
from tmilin^ or tn nnintain ader|uaie heat tianslri 

The XfiKc's frinlinllin^ the How i>l hot blast an it inn the* slims to ilit liiiiiiiu 
must also he irinktl in ptcxeni lailiiie ni |aniiiiin^ 

1 he basil piohlein nl water fheniistrv foi all id these svsleins is pinliilioii 
flifim iniiosinii, scale, and fniilnifr lioiii silt oi tniiinbinln^if al f'lnwihs One 
ol these ui any LOiiibinatinn ina) exist willim a moling system at aii\ intii 

EXHAUST GAS TREATMENT 

l-loi an blown thtini^h ihe luinace is ihani^ed in lonipnsition and expands ni 
snlume 1 he exil f^as \eliHil\ is hi^h and enliains solids, piniiipally burden lines 
—ore, coke, and liinestoiie This dirty gas passes through a dry dust lolleitor, 
where a majoiity of ihe lieaviei solids are rernosed, and then proceeds In a wet 
snubbing sYstein Si tubbing water and the duty gas lollide in a veritiiii oi niifiie 
system wfiere almost all suspended solids ate lenioved—usually ovei Ihe 

scrubbed gas has a Blu \ alue nl H5-100 Btu pei siandaid tubii fcK3t cal/m^) 

and IS used for heating stoves or filing boilei house furnaces 

Ihe sirubbei water containing high loncentialions of suspended solids, fioiii 
500 to as high as 10,000 ing/l, is normally sent to a thiikencr or clanfiei llcie, 
the solids are settled, and the cifluenl water is eithei sent to the receiving stic'am, 
srjmetimes after additional tieaimcnt, oi iccycled (figure 32 4) 

The heaviest conccmtrations of solids settlecl from the water die noimally non, 
silica, and limestone Soluble impunlics usually include ammonia, phenols and 
cyanide The chemistry of the snubbing water ccrnLinually vanes as it is being 
exposed to hot, dusty gas anri then cooled and claiificd helot e iccycle Cooling 
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limeis aiu oficn used to ledute leTii|>eiaiiiie tiftei the vvatei LinilaLts the hut 
fras Fxapoiatiun ol puie %vatci \apor in the cnuliii^ limei luiii entiaies dis- 
snKed solids wiihiii the and affects its ihemiral balanie Ihis inusi be 

taken into adonni uhen planning a piopei Liwling uatei pio^iam, as blow- 
dimii is leiinned tii lontiol the saliiiitv of the letin ulatiii^ watei. and Llienii* 
lal liialineiit is nei di d loi loniiol of stale, deposits, and lonusion 

\rldiUiinal \s.itei is used lot slag gianulatinii oi fni slag lonling Where tlie 
\s.iLei IS ie(\iled wilhiii a slag pit aiea, theie is usnalh a high puleiiiial foi depn- 
silinii net 111 ling willnn I he lecviling lines and pumps, and the uatei iheniistn 
nl tliesL sxsKiiis must be (ontinualK inonitoied 

I lieu iiiL a niimliLi ol hoilei houses in a steel mill fomplex, and the boilei 
lioLisL in tin blast fuinaie aiea is one ol the most iinpoitani Most of these in- 
siallaiions base ^00 psi Ixiileis, but sonic of the oldei plants tonlmiie to opeiate 
a li\N f'dl 1)0(1 psi boilei s with tin* Inghci piessine iiiiits V ma|oi use (oi sit am 
IS In opii.itL till bines, wliith iline the laigc tin l)o-Lonipi essoi s drlixciing an to 
till bl.ist fiiinaies \ txpual tuTliO'ioinpicssoT rhsihaiges 100,000 si fin (2H30m‘’) 
ail at .1 piissiiu ol U) S’) psi (2 bais), leipining a sleanri mi bint using .iboiit 
)')0,000 Ib/hi (UilkOOO kg/bi) sicam at 000 psi (bO bats) \ hese tuibines opeiate 
on a 1 ondt using cxtlt, but stmie low piessuic sttam tiiav 1 h‘ txtiailed foi o])eia- 
tion ol an\ili.ni(s, siiih as laiis, pumps, and toiiipiessots in the utilitx area 

STEEL PRODUCTION 

Su< 1 IS niannlai tin eil lioin non- the blast fuinaii pioduil—bx ibiee cblleient 
iiiel boils tin basii riv\gen piocess, the open health pi mess aiirl the tleitiii 
ait piotLss I he ohjeitixe ol rath is lo tcdiiie inipniiiies, loi example, tin V/i 
i.nboii toniinl ol the non is leduied to about 0 2'# in the sit el pioiliiLi, 
dt pending on the metallingual spetiliitilioiis t>l huIimiIujI oitleis 

BhIc Oxygen Procese 

In the biisit oxxgen method, the mixiiiie ol hot mital lioiii the blast luinate 
(usnallx 50 htlOf ol the total charge), strap steel, and slag londitiomng materials, 
suili as lime and lliioispai, are chaigcd to the furn.u e (logine 32 5) Oxygen at a 
late nl 15.000-20,000 t fni is in|eileci ihroiigh a laiuc Inweied into the vessel only 



Rgure 32.4 A danher-lhirkenci ol this design treats blast furnace gas 
scrubber water for lemmal and reniveiy ol solids (Courtesy of Inland 
Steel (^rnnpany ) 



Figure 32.5 Hut nitialislKiiifr piiuniniimi llit Uilk intnilu ulii(lHi)h 
hiniaie as the hi si sIl|p in the slrrl making; pnittss ff of Haumtn 

iMFselhthaft fur inUin^trwtuhmk mbf! h wrri Hi \i (wtfmany ) 

iiuhes abrne the law iiiatciials The nxvgen pcnixl lonliiuies fin 20-2^ 

minuieb U) mell and bum nil iinpuiitii s 

A l\piial HOI \essel has a lOO-IOd tun (^f()-270 kk^) capaiily and pniduLes 
sled in abinil 4^} minutes 1 he \cssel lapacit) is usualK filled IilIuic the bliiwiiig 
of oxygen Lo allow spate loi the violent reaUions lo imiui In the Q-BOPS system 
the oxygen is blown through the Ixilloiii of the vessel, working ihirnigh ihe itia- 
Lcnals and thus leduimg the amount of violent splashing 

rheie are seveial water uses in the basic oxygen unit Fust, the ox)geii 
lance must be watei tooled In most plants this is a cliiseil leiiiciilating loolmg 
water system In most of these closed systems, the lance watci flows through the 
shell side of a heal exthanget, with Loiiling water on the tube side of die ex 
(hanger 

Bcratise of the high heat release, gases Itaving the furnaie hood duiing the 
oxygen blow ate very hot The hcxici is usually tooled with water ietiiLulalitig 
through the hcxid panels Iheie are seveial systems where boileis ate installed 
in the hood area foi waste heal recriveiy and cooling of the gases 

As the gases leave the hood area, they can be further tooled by a wet scrubbei 
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Rgurs 32.6 Ba.sic nwi^en rurnate sluiuinfr major \%atei fcii cooling and scrubbing \s dilTprenl materials are 
added to the \essel during a heal the composition of the scrubber uater \aries (Fmm FPi 44011 74 024a Dnei 
merit Document for Effluent I imitations Guidelines and \ei Soune Performamf Standaids jar the Steel Making Segment of 
iron and Steel Manufacturing Point Source Categon I 
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and ciifiliiig svsu-rn uhich ici|iJiirs laigi' vnliiines ul watL^i (]*igi]if h) I his 
walei IS then sent tn i l.iiilier-lhii ktners tin sediinentatiiin nl the snliHs, and the 
uatei tail then Ik' lecvtlril iii disihaiged Fticie is a tside svsin^ in wain uiiii- 
|jc)siti(ni ihiou^li the ciiliii heal, as shnwn by a pi I leund of thr iflliieiit 1 host 
svstenis not usin^ wel ^as snubiHMs noiiiially lia\e i leitiosialii piei ipiltiioi s 

Opan-Haarth Procaas 

In the open lieailh piotess (Inriiie H2 7) iht samt hasii inaieiials nsi d in ihi 
BOl pi 1)1 ess aie I haiy^ed lo ihe open htailh fiiinaiL lint iiit lal is not .is issm 
tial In tlu ()|H'n liLailli as in lln hasii ow^in iiiiil Ihcse liiiiiaus noi iiially 
piodnce 100 hOO inns (OO-'ilO kkgl id slitl pci liial i»\li a ptnnd ol h 12 
hours 

In Ihc open liiairh luiiiacis, ow^in lanii innlnu; is also iii|uiiiil siinil.ii in 
ihe BOf process In addiiion cnnlini* w.iIli in llu lan^c nl V’d) 1 *i00 ^pni 
(2 7-")-1 niVniin) is Ttr|Uiiefi in tnol ihi skiwbaik ihaiiiuls .iinl dnnis in ilii 
lui iiau 

ReiIIf ulaliiif) w.ish watii from npi n liiailh sciubbiisis iisuaJly .iiidii so ih.il 
s|>eLial iiialiiials id i niisli in Inm an iicpiiiiil iii flosniL’ up llu si sysunis Mow 
ever, Ik tausi llu pH cd tin r ii i ul.iU d wait i is in llu lan^t nl J "i 10 tins s\stun 
can be iniiipli lel\ ilnstd willioiii iL.ii nf SI all 1 hi oiih w ilii loss is ilial pi i si ni 
in thi sliirli;c ni IiIili i.iki 

Electric Furnace Proceaa 

Ihc thud nulhnd id sietl lllakll 1 ^ is llu. cliiiiii liiinau piotiss (Iil^iiu 12 KI 
which tan pindiiie eitlu I llu toiniiinn i*i.idis nl low caibnn sleil ni b\ iliai^in^ 
wilh alloMii^ malenals s|)iimI sltil such as siaiiikss ot iih)I slitl 1 Iciliu lui 
iiaics nnnnallv opt tali nii snap and have llu adyaniaf^t ol lKin)j; ad.i])labli in 
ahnnst aii\ pail nl llu inuiiliy ilose in sptiial inaikcis Bicausi ihi\ an nol 
dependent upon the hnl non liniii a blast liiin.iit loi ihiii pindiiitioii llu\ 
are not lied down lo tlu liaditiniial sKlI itniiis 

Mosi elec till air luinaccs aic ef|uippccl with w.ilei tooled dnois Walei lool 
in^ IS applied also to the tool iniji*, llu cdeiliode anil tlu ihc node t laiiijis 

While most eh I nil liiinaiL operations use ha^houses lo Lltan then ji’.ises 
there aie plants using wii gas siiuhbcis 


CONTINUOUS CASTING 

(aMitinuoiis tasting (Figurt S2 0) was developed lo leduie tin oieiall cost rd 
Steel nianufac liiiiiig bv eliniiiiating several sups in c onveiiiional sit el piipaia 
tiiiii such as ingot teeming, soaking, anil hlooniiiig (ajiilmiious casting is llu 
preness ol toiUinuouslv poiiiiiig niollen metal fioin a larllt* inlo the lomplex 
casting equipment which clistrihiiies ihe liquid, shapes il, cfM)ls il, and cuts ii 
It) the desired Iciigih llu Lasling is conliniious as long as the ladle has avail¬ 
able metal Slinuhl one latlh follow anotlici wilhoul interiiiplion, the piocess 
IS called “pigg>-backing a lasl ” 

Carrrect walei Liealrneni and disliibutioii is tiitical lo toiiLinuous cdsliiig 
Steel leaving the ladle at about 2800°!* (I^50”( ) is ponied iiiio a tiough tailed 
a lurulish I he bottom ot the tundish has one or more openings through which 
the molten sieci is distributed lo form slabs or billets in the forming aiea tailed 
the mold The mold is a water-LOoled loppei |ac kel pioviding lot high heal 
exchange rales At the start of a lasl, a dummy bar is moved close lo the top of 
the mold to complelcly seal the interior As the casl siatls, this bai is slowly 
lowered lo icceive molten metal, and the cooling effect nl the waLer-|dckeled 
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Figure 32 7 Open heiith fiiinace rjptianuii shouing w itei used for couling and stiiihhing f UnpUd frnpi tPi 440 1 
74 024a Deielopment Dorumt U for IJPuent limitaiwn^ (>ind(hnn and \( i Smntt Petft finanti Standards for tht Stffl 
Making Segment o] the Iron and Steet Manujattunng Point Siura (ategrn i 





and Steel \tanyfactunng Paint Source ( afe/ron 
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Figure 32.9 ( iiiiiiiiufuis c.istiiifT i»l slabs m bilkis 

iiinhl siriils llu linm.iUim dI a inrlal skiii Pftin ini^h llit* Inif'lh f>l tJir 
iiidIiI a (iisiaiiic of SO" SO" (1 m), ihc diiiniin hai anil skin-Loiiiainril metal aie 
I xposL'it ifi a seiiLS of diieii iiirilail viaiet s|)ia>s uhich lomplett the |i)b ol 
sriliilifMii^ llif siri‘1 As soliililKalirin is lomplelerl, the clumm> bai is ml liom 
rill IfJimeil metal .uiil tliiiijm'iI llu c iiiiriminiisU-mosin^, i omplereU-forincd 
billet rn slab ihtii mines iIiiihj^Ii guides to the siiai^htL'iiing lolls and onto the 
iiinoil table loi iiitlmti to speLilu leii|^ths 

I he iiuiial |i(iii]t 111 this process is the loppei uaiei-iooled mold vshich forms 
the initial skin L nless the skin is foiiiied quitkK and iniiioinih, a hicakout will 
(Klin, shiiiling down the opeiation The most lehable iiNilinf> watei pio^iam 
uses the highest qualits water available in a closed loop with a seiondaM open 
loolin^ liKip Camdeiisate, hi^h piiiit> hoilet feedwatci, oi low haidness wateis 
have In-en used as makeup Hardness levels should never exieed 10 nig/1 Since 
the s)stem is iloscd, thei e is little loss and the l>esl loirosion inhibitors and dis¬ 
pel sants laii be used 

Spiav watei that contails the billet oi the slab beLoines innlamin.ited with 
non oxide paitules as the hot melal is oxiUi/ed Fins water is noimalh piiuessed 
in a fihiation sysii^rn for solids leninval, jeiiiiulated ihioufrh heat exihanf^e 
eqiiipmeni, and leiviled to ihe spiavs Ihe spiavs mnsi lie kept liom plugf^mg 
at all times iHHaiise the Flow oi water to the billet rii slab beinj; looleil must be 
iinihnrn at all points 

Auxiliar> mecliamcal eijuipnieiit of the contiiiuous tasting niailiine is also 
watei cooled 1 his may have a separate tooling water svstem, oi it mav be tun- 
soiidated with the spra\ ciiuling water s>steins 


THE HOT-MILL ROLLING OPERATION 

File hoi mill (Figure 32.10) piodiices such piiiduris as sheets, plates, bars, rods, 
and stiuctuial shapes Fhis operation is the largest usei of water in the steel 







Figure 3210 lloi null inllinL* pi iK li»i liiitiui itiiuciinii ihji>iu*li 
{( uitrtfw Ilf Iippim \iii(hnin\ ( ornpum ttu ) 

mill ri i(.«isniuihli iim al out 7i(M) jiialltuis |>li ton ol hnl nii i il lolUrl 

(‘^1 niVLkir) 

1 hi hi St su.]j 111 I oiling IS lualinir thi su 1 1 hilk i oi si ih in a 1 1 hi it 1 ui n ii i 
loashifrh ist^^’iin (Moo'll) ( ooliii|( »vale i must hi usi iJ to ( onl llu liooisaiul 
lianies 111 SOUK ol till iilual luinaits and this ma\ hi iithif oiiii tliiou^h or 
icciniilcitid \s ihi liLjlid hilh i oi slih lia\ts tin luiiiaii hi^li piLssiiii ili 
staling %\all I up to 2000 psi (hai s) is hi istt d oiilo tin sin lai l In 11 iiio\ i iiiv 
oxide stall so thai no iiii|k ili ilions an laiisirl h> lolling this dihiis into tliL 
inplal 

Waiei is also list d foi ioil i oolir^ and loi spia\in^ rliiiilli onto tin sUilpiioi 
to Its hi 111 )^ haiidkd at iht tiiil ol tht niaihiiu \ hi^h spud sin it mill optt ilis 
in ihi langi ol lOOlMiOOO Itii pci iiiiiiiiti (1220-18k) iii/inm) and .i In^li 
speed lod oi win mill opeiaUs at HOOO-0000 1pm (2410 2750 m/miii) \s 
watct passes nvei llu hoi iiutal lioni ioiling slaliori to lolling station tin oxiiUs 
washed iinm the metal an i an ltd to a stall pit Ihtri is a with par in it si/l 
lange in ihe opt lalinii oi descaling as the slab oi hilh I is going thiougli llu null 
larger partnles an nmoscil during the initial lolling (tht loiighing tnd) and 
very hue panicles aie washed oH in the final rolling operations (tht liiiishmg 
end) 

Much ol the scalt eiicoiintind in iht scale pit can he it moved wilh clam 
type diggers, eleitromagnets, oi liavcling siree*n grates but the hnt si/tcl pai 
titles are normally separated bv (oagulatiiin m waic'i ilaiifnation eqiiipmeni 
Most new plants rrtyeh the* water used on the hoi snip mills (ligiin V2 ID 

When ihc water is reryilcd through the mill aitentioii must In giM ii to fni 
tential problems of stale, loiiosion, fouling, and niiirobial aili\ii> I liis is 
especially true (or water going to ihc high pressun spia\s Heal removal ma\ 
be required for eunirolling the work envirmiineiu 

Carnsideiable amounts of water are used for eiMilmg elettiii motor systems in 
many ol these mills 1 he motor driven tolls keep the procliifi moving to iis end 
point 1 here can he as many as 300-400 molors at an inslallaliun 
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COLD ROLLING MILLS 

C old lolling mills afc dividrcl iiiio iwo lategniic-s single stand, and miilti-slaiid, 
AvIiLft sU L*l IS I ollc d in landcm Ui’iaiist tht* strH is told, il is hatd to woi k, so the 
f ohl lolliiii; itM^tjiiis liihiuaiii iii walci (soliibU* oil) nor onlv to lool, bul to gi\t a 
goofl liiiisb to lliL sttTl V\tilui pin|HMtiL‘s to lu‘ LOiitiolb'd 111 this o|i(M<ition 
iiuliidt lolal siispt'iidiMl solids, non, and oil I bur air tuo syslrriis Ini feeding 
liibinanL and wain in a lolrl lolling opeialion rriniulating and onte-tbioiigh 

Rscirculating System 

111 till 1 nniiilating svstrni a wiak imiilsion ol oil and water LiiiiilatLs to llit loll 
lr)i moling and liibi iialion ol ihr slmt lolkiis iindri ilir roll and passes 
ihioiigh till iii.iiiiiLiii pioKss I lie niiiilsiiiii is laniid hoin tbt Inst stand lo 
tlu stmiid thud aiidloiiilb 1 lesli watii is userl onl\ on iIil Inst and last stands 
1 111 spuit lu|iiiil IS iioiiiialb colli I led, and an t iiiulsioti hreakn is used to lire 
ilii oil 1 111 solids aic sc till d and itilainud loi tbi non lontrnt and ihr oil 
IS Milaiiiirrl and iiMisid (liguic 12) 

Wiitc 1 iicatinnii loi these s\stems ciiiisisls ril seilnnentation. liiucillation, 
hliialion and an llolalinn I he llnws Ironi ihcse opeialioiis \ai\ liom 200 to 
I ~d)0 gallons pen Ifiii ol steel pioitssirl (0 8 1) niVkkg) 


-Roll cooling 



Figure 32.11 Hot strip mill, slmwing rciytle id tiaiified wdic*i fen loll ceiulingand Male 
removal 
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0nc2-through Syalem 

Aiiothei cold i oiling r>pcijiinn using tin ret appludliiin ol oil is ihr once- 
llnough s\sLriii, usril on linn q>iiige inairiidl siiih as tin plait llir usual 
itraimriii sssicm scnxrs a nuilii-slancl mill, hasing stands A 5-lOS oil-iii- 
wriln emulsion is applied lu iIil steil al the first foui stands, uhik a dutergent 
soliilion IS .ipplicd at iht last stand A onte-lln oiigh s^sltin is used lor ihis 
seixici siiiLi lilt uatii iiiiisi be kept tleai 1 he uasieisatei, vshuli contains a 
sigiidii .lilt ainoiiiii i>l oil giH's to a iieatnieiii sxsttiii that iniliides an an llota- 
iioii null xMili oil sknninei, chemual lieatment, aeiatioii tanks, floiiiilating 
lank and a stilling hasiii oi a tlaiditi 

I niidsiiin hi taking thtiinials ina\ he iii|iniefl ioi dhiient ticalmtnl of this 
\xasle I lu oil IS itclaniu d and teiistd while ilu sliidgi is disposed ol as landfill 


HEAT TREATMENT 

lo jnoiliiit spinal plissiial piopiilKs in ititain giailis ol steel flu metal 
passes ilnoiigh a suits of heal iicatment opcialions including healing in a 
liiinaii aiiiic aliiig at a laiiliilU lonliolkd teinpeiaruie loi a s^ietilied pciiod 
ol hint ipiiiuhing in walii rii oil and final MMiling in an 

(iiruialh tin lempi i alui es in ilu aririi.diiig liii nates aic not so high as to 
in|iiiii w.iiii iiMilingoi ihi luinati iknuiits hiil some i ooling max bt needed 
111 spinal lases flu lempeiatuit ol tiu i|LU'iuh oil oi walet fpieiiclnng tank 
miisi he i.irefiillv coiitioiled, so iht loolani in ihe ipieiith lank is usiiallv le- 
iiindaiul llnough ti heal iMhangLi to rLiniiM tin hial hiiiiighl into the sxstem 
Irnm hoi iiutal Oil ilisihaigt suih as could ansi hx iixi iflowiiig the ipieiiili 
oil sxstLin Ol hx luptiiii of a tube in lh( od walet heal exihangei must be 
gnaithd against Oil is gtiiLi.dlv tin oiih likelx loniaiinnaiu lo aiise in the heat 
irtainu nr ai i a 


SINTERING 

Sinieiing is a piottss lliai lenucis solid icsidues lioin snubbtis and ilaiifitis 
11ns puKess iiitludes iiilleilioii oi useful maUiials siith as non me hues, null 
stale, liiiiesloiie fliii dust, and lokt lines (IigniL L‘l) 

1 be vaiioiis malenals are mixed in iniiiiolled piopoilions with a fixed 
aiiioiinl of moisiiiie then ilistiibiiteil onto a peiimabk giaie and passed tbii>ugli 
to an lid- (II gas-hieil fuinace (iginlum tuinaie) C niiibusiion an is diawn dnwn- 
vsaid tbioiigh the bed \fiei a sboil igintioii peiind the bring of the bed 
sill fate IS iliSLuntiiiued, and a iiaiiow loinbiistnin /one inoxes downward 
ihiiHigh itiL l)rd, with eaih laxei in luiii heating to 2200-22(1204-122B“C) 
In adxaiur ol ibe t oiiibiistiun /oiil, moisiuie and volaldes \apoii/t in the loni- 
biislioii /one iMinding ol the pantiles iKiurs, and a stiiiiig agglomeiale is 
loi nucl 

Most ol iliL heal honi the ciinibustion /one is .ibsoibed bx diving, itdiiiniig, 
and preheating the lower laxtis oi the bed When tbt lornbusliim /one leathes 
the base ol the sinler mix, the proiess is imnplele Ihe sinter take ii Upped 
liom Ihe giaie and broken up Allei siieenmg, the iindeisi/t is recvtlcd. and 
the remaining siiiiei is sent to the Idasi lurnaie 

Water is added in ihe sinter mix, to continl moistuie at 'S-S^i Water is also 
sprayed for liusi lontiol in the plant, and at the many ton vex oi iiansler points 
where law niateiials arc moved iioiii siiiiage areas lo the sinter line (strand). 

Many plants SLiub the sinler furnace exhaust gases lo remove cnliained solids 
^he St rubber water usually requires treatment by toagulation In remove 
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Rgure 32 13 ^irhematic nf sinter pi nil showing iiid di\ dust ci lltcUfm tr tPA 4-fn 7 7/ f)24a Dt tlopmtni Dtnment 
for EfflwTit Limitation Cwuiddine^ anl \f i S unt Ptrf iminr Stntii / t th St* M ik S pm ,f /, ,, anti Sttd Manu/artut 
tnp P nnt Source C atar in J 
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sus|>ended sidids, chcmiLal i niidiiinning Ui coninil stale, [oirosicin and (ouling, 
and leiiifival u( pnlluiaiiis piioi rii discharge 

ACID PICKLING 

llir licatinent of steel in an atid lialh, knov 11 as pickling (Figure yi 14 ), 
lenirives oxide f 10111 the iiieial sin lace and pioiluies a liiight slerl stiipjied 
di>v\ii lo hare ineral and siiitahle ioi finishing opeiatiniis, such as plating, 
galvani/ing, nr uMling Uolh sulfutii ainf h\di01 him 11 aiidsaie used, with the 
latli'i ginuing 111 |iopidaiirA iis iiioic hspioduit hvdi i>i him il and heinines 
<i\ailahl(' fimii ihe iheiiiiial inrhisii\ Wiih either and, ilispos.il rd spent pickle 
lii|um IS a serious prolileiti 

riikling iiiav he eiilier hauh m lontiiiuoiis I siiallv, the acid is prt^pared at 
ahmil 3 J’j'r stienglh. depending upon the work lo he pioressed in the piikle 
lank and the tipe ol and used lot pickling As llu .icid wmks on the oxide 
sinf.Ke, iheie is «i giadiial huildup of non in tfie iiiikli soliiLion and a depletion 
ol ihi' .ind When the non irnilent leaihes a le\el that slows tin pukliiig opei.i- 
lion, the hath is eilhei rluinped m icpiocesserl In some pickling opeiations, 
anri is 1 iiniiiuialK wiihdiawn iii mrfei lo hold a laiih coiislani lalio ol non 
lo liei* and in llu pickle h.iili, iheielu iiiainiaining iiniloi 111 pii kling 1 onililioiis 
I01 .ill ihc sit el passing tliituigh Ihe metal leasing the pii kle halh lairies some 
ol iIk lir|um wiili it into tin siihsi*i|iieiii rinsing anrI tunjiiali/mg opciaiioiis 
llu loss id acid h\ rliagoiil s.iiies with the t>ju ol work, the shape id the 
piodints heiiig piiklid, anil llu speed id tlu opeiation It lan luii as high as 
111 till acid used Vppteu.ihli iiiise waiei must hi pul into the rinse lank 
and wiiluliawn 1 milniiionsK loi rlisi h.iige to .1 ticainieni l.uilils 


SLAG PLANT 

\ anous iisidul [Modiiils aic lecoseied fioni slag, some hemg piodiiied Irnm 
the slag in a molten Imiii, and others altei solidiluaiion 

Molten hlasi luinaie slag lan Ik* i|iieiulied wilh wali*i lo piodiue lightweight 
expanded aggieg.ile loi the manulailuie id iiiidei hloi k It can also he spun 
inio niniei.il wind msidation Sidid aii-toided slag is iiiisheil to \anous si/es 
loi use as a Hack hallast, highwas louiidation, and siinilai stiiutuial malLiial 
In plants handliiig slag iheie is rioi malh an home dust that tends to cake 
on lonseMH lu'lts 01 inter lei e with piopei opeiaiion ol meiiiaimal eipiipmc*nt. 
Water washing of the an is sonieiirnes piacliied, 01 w.iler niiis he used loi 
washing coiuesoi helling, cteating a high suspended solids waslew.ilei 

HOF, open health, and eleitiic linnace slags aie \ei\ high in non Iheie- 
fore, thev aie iisiialh broken u|r and leilanned loi ihargiiig lo the blast linn.tLe 


UTILITIES 

Hccause ol the useful iomhuslible gases produced at the coke ovcmis and the 
blast ruriiaii*s, steel mills ate able to produce a large peiteriuige ol then lolal 
pow'ei requiieineiils b> burning this fuel 111 boilei houses In achlition to boilers 
diicutly liieil with these bvpiodiicl fuels, other boilers reiLiini heal fimn gases 
discharged Irorii the open hearth furnaces, the 1 U)F shop, and die engines that 
operate* un coke-oven gas 

I'ht* steam generated by these boilc’is is used thioughoul the complex tor 
dii\iiig turbines, poweiing presses and Iciigcs, and providing heat wherever 
It may Ik* leijuited. Some c^f this steam may be treated with steam cylinder oil 



Veni 


82-18 TIm NALCO Water Handbook 



Hgure 32.14 Acid picUing uf steel sheet 


SM Induitry aM9 

ahiMrl III steam enf^ines anti pi esses, pinduciii^ an inly crintJensale that icquiies 
iieatinenl piitii to ilisposal 

In arltlilitm tti pniduiiiim ol power from steam, snnie bypi nduit ^ascs are used 
III fras engines in piodiiie cleitiual power or meihanual energy ilirrctlv Inr 
suih uses as cuinpi essirig an ioi tht blast furiiaLes Othei utilities inilude an 
cumpiessni s, \atijuin pumps, and pump stations to suppl\ the enciinirnis 
i|Liaiilities id ail anil waiii needed foi tht operalion 

1 he viater ierpiiieiiients liii thesi utilities in the steel mill are similar to those 
of lithe 1 mdustiies High qualiiv water must ht pioiluied inr makeup tii the 
steam geneiatois. and llust m turn lonientiau the water whith is then 
lemuveil In blowdown at a lelalivch high s<iliiiitv le\el I he water tieatmenl 
faiilities iei|tiiied for piodiiimg this high qualih waiei generate their own 
wastes, sulIi .is lime skidgi limn lime solleinng opi latimis, biiiie liom /eohte 
siduiiing opei.Liions. oi spent at ill and laiistif limn deminerali/i r legeneratinii 
( ooliiig walLi IS ustil h\ ihcse iililitits Ini such pm poses as roiidtiising 
luihiiu [\hausl iiioliiig imnpiessm piikets imilmg healings on\aiious l>pes of 
powLihoiiSL auxiliaries, and imi\e\mg ashes limn tnal hied lurnaies 

SUGGESTED READING 

1 uiid 11 I (nl ) ! Hi! u\timl Pollution ( onUul Handbimk McCiiaw Hill New ^iiik, 1971 
Mitianiuiri II 1 (ctl) Ih Muktnf* Shnpinf^ and litfiUni* r>/ Sht! Kih ed I niud Stales 
Sli l1 C oi piiiatiiiti I 9(i4 

I S I iiMioiniii lit il ISok I liiiii V^fiu> IhMhpmHt Ihnumtnt fin \hii H*^ 11(1/1- 

71 njl 1 |iini 1971 




Chapter 33 
Textile Industry 


Ml rl u \lilt pMirliKis uhi rh( I 4 Inlhini; ( ii ]ii tiii^ m liii iiiirl Iii\li1iiii 

iiiiL^in 111 wiiril iiiltnii sMirliilii filxis ni i iniihin ilioiis ol ihisi Ihist fibers 
ML )ii(111SSI fl lo 111 ikc iluiiisiiinbk loi liltII t iicl list s Ihtsi pioi t sst s iiiLludL 
Iuiin\ il 111 11 mil il iinpiiiiiKs lioin wool inrl iiiitiin (iliiI ^iii ^ilisl) mniisal 
111 piiiiiss inijiuiiiii s (si/Jii^ intLillii imil imiii mis) iiiiil linislimi; tii iiiipail 
p II 111 111 IT 1(11 ililii s III tp]TLaiiiifi Jit I mil iliii ibilil\ 


COTTON 

I 111 llnii b.isii sups III pi missing tiiitmi (Ki^iiic. Ml) iii spll 1 l 1 m^ ^\t imii^ 
iiul fimslimir C ntiDii spmiiiiif^ mil ut i\m^ tii rli\ piiuissis I'fnii^ii rniiut 
IS Tiiimviil fiiim ilii 1 iw iniiiiii b\ iipi iiiiii; mil ili iiiing pit kmi> i iiilinu; and 
imiibiii)’ I bi miliMiliial libiis ni |i>intd sliaij^bunt li spun mlu thuail anil 
\MMiiirl fin spriols 

lo impioM sliiiiirih md slilliiiss nl liii^llmisi (uaip) \aiii il is pissid 
lliinii^li a si/m[i soliilioii lhai loiitiols ibiaisioii incl illIuks fiiLtioii SuiilIi 
pob\m\l aitialL (l’\A) ami LaiboxMiit ilnl irlliilosL (CMC) an llii si/in}> 
igiiils Ihis vain is vsovtn iiiln ilnlh known as j^oods nhiib is stiil lo 

ibi liiushin^ null lo pi miss iiiio salabk pi mini is 

I liL finisliiiif; process inosllv wtl bi|>nis with tin rc-moval ol si/m^ natural 
wax pLitiiis iliobiils dot oil and (^nast lo piipaii lIn iloth loi the lolliiwnii; 
sups 

—I hi tJolh passes bilwitn healid plaits or rollers or inussaii open 
gas llaiin to bmii oU loosi hbiis Spaiks in ixtinguishi il is iht iloih pisses 
through a water box 

Ovsiufig —Slairli is sniubili/cd b> tii/vinis oi atid hv a ^ 12 houi snaking 
(xtess Iifpioi IS nnioMil Hu iloili is tin n fitsh water iiiisid and prix-esscd 
thimigh a lausiii or ptiufiani bath 


33-1 
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Yarn preparation ond weaving 



To market or finishing 

Figure 33.1 ( r»iioii |jiiK(ssjiig tlnwsluir 



Caustu Scouring —Ciicjgc ait* cnnkrrl lo riiiiiivt iniioii i\fiK rliit aiul 

grease 1 hi iniiiiii iliiiti is saliJiatLil isiili li(|iiiii rDiisisiiiig rit laiistii sncla, snrla 
ash, pine ml soap, anil suifaitanis anil siouimI in a sieain bath toi imil lioiii 
fiiialf>, the ilolh is niiserl ro icinose Uil sioui Jii|iioi I Ins deseliips a m Him 
absoibelli pine (illiiliisi JiIki 

Bleat king —Pei oxide, hspiKhlorile oi thIniiiiL in ininbiniilion wjlh sodium 
silicate anrt caiisiic soda an applied as bleach liipioi, and die ilolli passes inlo 
a slearn thanibei (|-Box) loi appi oxmialeU one lioiii Ihe bleatheil dolh is 
iiiiscd ill isatci and sloied foi I ml her piocessing 

Mercenzatitm —Bleaihed ilolh iiia> be nieiien/ed lo swell iht filier, ihus 
improving luslei, dye afhiiilv and siieiiglh In meiieii/atioii, die ilolh is caiiieil 
ihiough a Laiisiu soda solution (20-25Vf NaOH) while iinrlei tension, then 
thiough a walet rinse, acid dip and final watei wash 
Dyetng —Maiiv diBereni cheniiials aie used I or dveing 
a Diretf fiye\ are applied diiectly lo the iloth 

h Vat dyfs and sulfur dyes are applied to ilolh in a ledured state and then 
oxidi/cd 

r Developed dyes and naphthol dyes are applied to iloth and developed with a 
seiondary thetniial 
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d Anilifit hlatk dyt is OMdizeri on the doth hy <air in suam 
PTirUmg —this piotcss mipjils a Loloied paltein oi design to ihe iJiith b^ 
a lulltr 1)1 scittii piinl iiiaihint* Hit lolois ait fixed f)\ suaming or olhei 
11 taunt fit 

I tnal f imshwfr —I his piotpss inviilvts sizing (staitli oi r^sin) \\alci proofing 
fii e pi iNiliiig OI picshnnkoig 


WOOL 

Riw vM)i)i j pi oil 111 (ktialiii) Loiitaiiis glaiidulai silk lions (suiiil anil wool 
giiasL) aiirl litis iioni Liu sliitp plus tint stiaw and vtgclabli matiti 
Ktsidius ol lit iiiiuiUs appliLil lot diseast loiiUol oi foi idinhlualioii of ihe 
cinnnal oifix .ilso Ik pitstiii Wool is iionnalU insoliihle iii u\ui hut abuse 
(JJH( ) sonii liailions dissolve Wool lihtt ixparuls upon wetting hut 
ronli ids In ils oiigiiitil si/i whin rliiiil Htiiu; aiiipholi iit wool is daniagtil 
h\ 1 iiistii 1)1 aid sdIliIioiis so spiiiil i jii must hi taken when sub)LLling it 
In siith 111 iinuiils in piiKissiiig 

Wool ProceSBlng 

Sttrfijii* find Htfudnii ^—Raw lilieis ait sniud into lots an oi ding to liiieness 
iinl lingtli lihtts Jinni diileunt lots an hltiided to in imlain iiniloiniitv 

tind l)f Initigii iiiatii i is iiniovtil hv washing with soaps 

ilkalits rii iiilii 1 ihtnmals ni h\ solvt nl i vtuulinn Stouiingtht Hint lediitcs 
wtiglii h\ f") h") r I lu tvli uitd 111 lit 1 ltd is pittitssid lo niovti lanolin 
ft\htn^ — iht stoiii IS Inllowtd bv a titan walti iinse 
( mtiinti I lu wool (iluis an disiiigageil and iLananged mio i wth 
Oilintr— An inlisi an .igtni is applied lo ilu fihiis 

—KinioMiig oil that has hitii put into woisiid stoik in tin 
hltiidmg oiling iiid iniMiig opeiations 
ittllinfr A spinal jniKdluit foi laiiling whah sipaialts tht long ihoiir 
IiIkis ol tile Slim linglli liom tin shone i IiIkis 

—lilt appliialioii ol a inn lo thf ihoiit long Iduis (lalhd wool 
top ) list d Itii pioilialion ol woisitd a iighllv spun vain 1 hi Lintmg is foi 
lilt niilii iiion oidv 

Naiiow stii])s ol wth an gtiulv int sheil irigeihci and wound onto 
spools I til the spinning liaiius 

Ilu loMiigs ail iJiawii ihrough sin ill lolleis whieh iuilhiT extend 
the will hv pulling thi fihiis apaii leiigthwisi 

\iindiHff —I lit spun lovmgs an iwisied and wound until bobbins as finished 
vai 11 

tiguic H 2 fiiitlmes thi wool pionssmg How diagiam 

St run mg (oi slashing) piepaies tiu wool foi vvirivmg In detcigtiil siouiing 
till pritiommani inithod tin wool is mated in sutetssive IkiwIs with eapaeiiits 
nl 1 OOO to 1)00 gallons (^4 10 m*) eath Flit Inst howl is used for steeping 
(flesiiinting) the next iwo lonlain soap alkali lot giiasc niiioval and ilu liiial 
ImiwIs an lot iinsnig 

Balth or lontinuoiis solvent siouiing pioduies less wattr ptilhilioii ihaii 
Heleigtiil SI outing Co east latii ii solvt nt is distilled in leiovii the solvent 
A final ilelttgint washing iimoves lesidual soKint and gieasi 

Dveing IS perfoiineii in open iit pressuie ivpe mat hints 1 he polluiioii load¬ 
ing IS related to the d)L used 

Piillmg IS a process of shiinking the wovtn fahia h\ subjecting it to moisture 
heat and fiiction to pioduie a fclt-like texture Soap is the felling agent and 
walci IS evapoiated ifuiing the process 1 allowing lulling the wool cloth contains 
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Figure 33.2 Wuul jiKMiNsnifr Ihmsliiti 


considertiblr pioic-ss ihcinii<]l .iiiH must In Wiishcd llu^ ilnlli prissrs ll 1 ltul^l 1 
a “hist snap,' is siiucc/cd hciwecii lollcis, ssashtMl in a si i mill snap, aiul 
hnall) rinsed in a waui hath 

In till* carhnm/iii^ pine css Jni miinviii^ iisidiial impiiniius, llic vsnnl lahiii 
IS imprrgnatid with 4-U^/r suit line and and n\cii diiL'il at 212 - 22 ()°l ( 10 ( 1 - 
lO^^'C) 1 he evapnialinn id ihe water iunienliales llii and, charring nigaiiu 
inntaininaiits Kiilleis eriish the chairerl iiiaticn, wlnili is ilien remined l>\ a 
iiiechariieal rlusiing iiiaehiiii I he ilnih is rinsed, neultali/ed h\ soda ash snhi- 
tinri, washed again, and diied Sulim dioxide or hydingeii |ieioxide bleaches the 
natural vedlow tint nl the wool to white 


SYNTHETICS 

The most common synthetic hbr^is aie cellulose base (aLeiale/iavon) and 
polymer base (aeiylii, nylon, polveslc*i and oilon) Spun yarn is pi messed like 
natural libers, ref|uiTing si/e to impart strengili and to provide a prolecUve 
coating for weaving (continuous hlaineiil yarn requires less sizing 
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Sialic ilifii^rs builil ii|j (in s^iilhctic \aTn rluiiniir mrisl pioccrssing steps su 
aniistalii ^ rills aiicl liihiiLaiils aie appliefl to llie Mhm betoie weaviiifr Ihese 
include pcil\Mn\l alcohol, st>iene based lesins, pol^alkylcne ^Ucols, (relaLiii, anil 
|inl\vin\l aielate 

S)nihetit lain II finishing pi messes aie siiiiilai to those used v\iih cotton, 
and inilude scoiiiing (lenioval of pioiess cheniuals fioiii ueaviiig), initial 
unsing. hicaihing. seioiul iinsing, dveiiig, and filial finishing (wateipioohng, 
shiink piiiofing, t'lr ) 

WATER USES IN THE TEXTILE INDUSTRY 

C hail an, ficc lioiii dehiis, and iiintioiled at pieiise tempeiaiuic and lniiiiidit\ 
l('\els IS Mtal to lexlih pioicssiiig J he iiuliisli\ is one of iht hugest useis of 
an washing i(|uipiiuiil to ileaii and icMiipei an in the piocessing ateas leinpcr- 
ing i((|iiii(s litMMiig in the wiiiLei and cniiling in the suniinri 

\n washeis aie used iliioughonl cotton nulls pioiluinig woven fahiii, in 
bit iiding plains while cotton is hlencled with sMithelic staple into vain and then 
woMii iind 111 sMiihiiiL filiei plants An washeis also linil extensive use in 
kniiling phiiits iiKhiding hosieiv and caipet mills 1 he inatciial lemoved iiiiiii 
lliL an IS Li ansli 111 rl to ilu walei so then aieinanv pi ohleins i ei|iiii mg watci 
liialiiicni li ihniilog\ 

I 111 i ooling iapaLii\ loi a ivpiial Icxlili ieliigi i.iiimi unit is StKI 121 ) 1 ) tons, 
dipindiiig on ilii si/i ol llie plain lolal plant lapacitv mav he fiom JOO Ions 
111 a \iT\ sill,ill null u]) lo ISJ)(M) tons In huge plants, tin total tonnage inav be 
siipplurl In a siiigh lonliiig tnwei iiiinit anil a single clnlled watei svsicin 
Mowtxei 111 innst rases iheie aie seseial siiiallei svsitins 1 he tonnage and 
inimbii nl an i nnrlitinnmg systems opciaimg in a plant rlcptnil on the coin- 
hmation nl Itxlih ptni esses 

\lw tcxlih |)lants an desigiieil to loiisolidate ihilled walei s\stems into as 
liw iiiflLpt nrleiit iniils as possible lo ma\imi/e tlliiieiiLV and leiliiie mam 
li’iiant c 

( liilli rl wall I IS pipi (1 .iioiind llic'aveiagi tixiik plant tor use iii an washeis. 
pun ess heal i x( liangi i s, and small oflicc an i oiidiliumiig units Kv lai. the 
hugest iisLi of iliillcrl wall I is the an washer 1 he aveiage plant with 1,200 tons 
to 2,100 Ions (il an conditioning lapitiilv ina\ have six to eight an washeis 
Whin 11 liigciation iiiiils aie opciaimg dining warm weathei (Figure V^ ^), 
an waslui iimis aie sujjplii rl with chilleil walei, 10-50°1 (i 10°( ) Nliisl textile 
iliilhd watLi s\stems liave high level Moat switches on the chilled w.itei sumps 
Duimg siiinmei opeiatinn. when the chilled walei is dehiiniiilifMiig plant an, 
the volume nl walti m the ihilleil walei svsteiii iniieases as water (ondeiisc's 
linni lilt m.ikiiip an When I Ins oicuis, llu level in the sump uses until it hits a 
liinil switch winch diveits excess chilled watri (which is esseiitiallv i ondensale) 
In the iiHiling inwei as makeup 1 Ins piiMeduie cimseives licMtmeiil chcmiials, 
watei, and eiieigv, .ivoiilmg wasting excess ihilled walei and incieasing the 
elliiieiuv nl the i luiclensei unit 

(lulled wall! siim[js coiUain fillers Joi suspended solids leiiinval Maii> 
|M)lenlial fouling pi ohleins m the an washer svstems can he avoided b) lemnvmg 
suspended solicls in the chilled walei sump in this mannei 

In plants wheie iefiigeiatiori is not iec|uncd dining wmtei months (Figure 
4), washeis opei.ile indepeiiclenllv, loiitmuallv leiiTCiilaimg water iiom the 
sump through the spia) no//les Duimg these nioiilhs, theic is usnall> evapoia- 
iion 111 the ill! washer svsiein, eliminating ovc‘ifhm and ie(|iiiiirig makeup 
in a typical textile mill an washei, an enteimg fiom the plant fust passes 
llitoiigh a fine mesh sii een or drum roll filtei Lo lemove lint, dust, oil and olhci 
debus Some units have moving paper media while othcis have stalionaiv syii- 
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FIgura 33.3 1\|jhjI ItMili .ni Wiislirt s\sli ni — shitiiiic i [i|ui.iiiimi 


llielH im^ilia wliiili is iLplainl iwii m ihiri iinu-s pii Mai Siiiiu 
(lium filliMs hast saiiiiiin aKaihiiiMiiis if> UHiiiiinalK uiiidm* i oiilaiiiiiiaiiis lioin 
till fiki 1 inirlmiii \ kiiiltiii^ plain in a patkaj^i (Uniif' pl.inl vmiIi wiiidiiifr 
ripeialiriiis li.is nil in tlu' an llnvM'Mn lini is ihi iii.ijni |)ir)lilini in (ntlnn mills 
Vfnst ii'\lik‘ an waslu'i s>strnis aiiii>nialnalh hliMitl niilsiili an with in plant 
air I 111' itnipcnaliirr anil liijiniclil> nrcils ina\ \ai\ liom mu* rlrjMriniLnl in 
annllin in llu sanii* plant ir(|iiiini^ sr|iaiali iliilhrl Wiili^r s\sliins 

I lu* mixinu* nl an l'iiii*ts llir \saslinii> sritinii whine sivnal viiliial litMilrrs 
with spia\ no//U‘s an spairil I'vriiU aiinss thi' ana nl .in llnw llu* nn//li*s 
spra> watifi against caili ulhrr sn that tlu* iiunmni^aiT miisi pass ihinn^h a hai 
iiei i>l watei ilinplels iwn ni thiL*i* h*rl lliiik 

1 he spia> nn//k* headers ait* (ntiiiecLcd tii .i i l*iii iiilalin^ piini|) ih.il has a 
tapaiilv nf 2^i0-120() f^pni (1 I niVtiiiii) I he main fiiiinp liM.iled at the ihilled 
waier sump irintinualK supplies earh nuliMdiial an washer sump Ovtiflnw and 
^ravit> leliirn the walci to the mam telii|;eiatinti unit and ihillr-d waiei sump 
C^apacities of an washer sump pans i.inge from tifM) in 2'itM) ^allniis {2 10 in') 
After the spray sen ion of the waslu.*i unit, the an passes thtou^h rriisi i*lnni- 
nalnr blades to lemove innistuie Some washers an* designed with steam lelieai 
coils tn temper the cooled an to suit a parluulat texiile piotess Hvpass diirlwork 
IS sometimes designed into a unit to allow for simple heating of the an wilhoul 
washing Laige fans in blowers lake the an liom the end ol the washer unit and 
distiihute It through the plant ductwork 

Most textile mills use loinpiessed air lo loriirol water atonii/eis and for other 
purposes Ctmling water must be supplied to the air rompressm heads, oil 
coolers, and dlu^rtcMdeis. The cooling water may come from the main cooling 
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u>wfi svslem in laige plants whtrrc ilicir arc sevenal an cnnilitionin^ iimis, or 
iheie inav be a sepal ate small Itmei ptnvicieil loi these units 

1 he fcH plants set up ini otKe-lhiou^li iiN>liii|r waici on an (oinpiessoi sys¬ 
tems conserve this b) seiulni|[( the spent uatei inln one of the Loohng inweis 
dill mg sunimei opetation as makeup 

Some an washei iiiiiis, p.niiiulatlv in sviitheiiis plants, do not use thilled 
watt I loT ihL washing pioiess 1 he ehininatni siitions ol these washeis aie 
hillimed li\ steam leheat toils, and ihilled watei tods to adequately tontiol 
tempeiaiiiu and humiditv 

Rolo-spiav systtms, similai tn printiple to the patkaged an washei units, ate 
hotisetl in a cvlnidiual lasmg slightlv laigei than the siipplv due twin k, and aie 
geiieiallv lotairrl on the inoi ol tht mill 1 hev ha\e slatioiiaiv spiav no//les and 
lolaimg elmimalDi hlarles (hat look like the imnpiessoi stages m a gas tuihiiic 
IhtiL IS veiv liith wait I in ihest uiiiis and ihev aic somewhat dilhtiih to tiLal 
In I ansi the dnt is tout tiiliattd in a small amoiiiii ol walei 


AIR WASHER MAINTENANCE 

\ii w.ishits ait pLiiodiialh shin down and waslietl out to toiiiiol ihe seveic 
loiilmg and di posiimn piohhiiis that oiiui 1 lit liLi|LiniL\ of shiilduwn and 
washoiil rhptiids on tht l\pc ol lextik piottss being itin, and the seventy of the 
piohlini It iiiav be weekiv in some plants, wliilt in otluis *> (» wttk inleivals 
Ik twit II washoiiis iii.iv Ik aittplabli 

I III high digit! ol 1LiII1 Illation in .in washtis leads to .i vaiiety of watei 
piobleiiis nil lulling slmu loi matinii, dL[iosils, loiiosioii and odois Ihe ma)m 
pail ol most deposits is miiiohial (slinu masses) Minohial attivilv pioilutes a 
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stukv sliiiir thai loiiihiiies wiiU dm, loiicinujii piodiiils and cl^sLalllll^ nialln in 
tniiii liaid I'liiiusied dcpnsils ahn\r tlir uaii'i lrM.d and ihii k Nlini\ niassi’s 
ihv wAivi on niL‘tal sin fairs iiisidr I hr uashri (ainli nlliii^ iiiiiiobial ^nn^ih in a 
ihillrd uatri ni an uashri s\siriii is ihr krs In an rllrilisr liralinrnl pinf;iaiii 
Muinhr iiinulh also causes ndois, carixnxei, riu i uslalinn. and innnsinn iiiidri 
depnsils Oil anil nthri ni^ianu inaltei picked up liniii ihe plain .111 piinidc liind 
Ifii these iiiiiinhrs f \en llnuij^h siiine leinin.il nl ml ni.i\ hr lU 1 ninplished with 
an hlieis, lesidiial ml uiJI be pirsc'iil in ihe uashri 

C'.ariMuri caused h\ Inainini^ ni In bioln^ual i>inul 1 i nii eliiiiinalni blailes 
disiupis an finu and alliUNs snliils in pass inin pLini rliiilunik I Ins can cause .1 
\aiiel\ nl piiiblrms 111 llie pl.ini liniii spnriiiig nl llie pinduil in disiupliin; ihr 
triiipeiaiine and hiiinidils Lniilinls Sexrie rlaiiiat;e r.in lie dniu in ihr plain 
due luni k Mnsl irMilr pl.nu due tuni k i niilains a inai nl Inil .ind libc 1 \\ hen this 
bet nines url, il bee nines run usied uilfi the fin I pirsenr in ihi Utislui u.iii i and 
sr\eiL cniinsinn lan lesiill 

( niinsinii is mnsl se\rie m levlilc an uashri and 1 hilled ualei s\sinus iIliiiiil; 
suinmei npeiatinns uhrii ilu ualcM in the sxsiems dt i niii l iiii .lies ( liilki iiibi 
sheelsand heads are llie mnsl \idneiable ai t as Dni, lihti nil and mu 1 nhmlo^i 
cal depnsils inmbme in some cases in Inlalh slmu n\ ri anas nl ihi liibt sin il 
Scueie pilling nccuis iiiidri de}insiis nl lliis iiaiiiic ( niinsinn inside ihc <111 
uashri iimts ihemsrhes ma\ mini nn an\ mild sUel sliuiiinrs 


DEVELOPING A 
TREATMENT PROGRAM 

A cnmplele ec|Uipmenl suimv and a ihniniif^h undiMsLindmi; nl ec|mpiiiini 
opeiaLinns is iiec*diMl in ch‘si^ii an clleilnr ualei iiiaimrni pinLiiaiii Ini .111 
uaslui and chilled ualei sssIcMiis 

Ihr scdectinn ot an cffectnc liiniidr and disprisaiil is ^imifilK ihi siaitiii^ 
|Miml m desrlnpm^ a uairi liralmriil pin^iani Ini an uashris and iIiiIIlcI uairi 
systems (aninsuiii tnniinl is tinsels lelaled in ihi rliri li\mess nl ihe nmin- 
bicide and dispersant 1 here air nn rass ansueis in ihr srleilimi nl .1 cniinsinn 
inhihiinr Inr an uasliei and iliillcd uaiei systems due in iht dillriiiues lirlueen 
Lextile plants Ihe most iiiipnttanl part id inrilrnllin^ lormsinn is kre|)nii; the 
svsiriri clean 

Ihe stain charge nn Irxiilr /ibri .is 11 p.isses ihiniigh ihe y.niniis lextilt pini 
esses has a great deal in dn uilh tliCMi rllKieiiiy I'nr rx.imple, il a carding ma- 
thine IS pincessnig siajde that has pisl been biought in Irnm a inltl uairhnusr, 
the fibers will be negatiyelv charged and will slick in ihr steel mils id ihe laid 
machine lalhei lli.iri smonihly lulling min a sliver rd yarn Iilieis dial drvrln|J 
tCN) great a nc'galivr ihaigr on spiiiiimg fiami's air sul>|eit In excessive breaks 
Quaternary amrnnrrrum cnnipiiuttcls may be used in cruiirnl slant charges 111 
air, IxTaiisr they haye the acirircl Ix'iiefiis nl being gciod bincirlrs and cleaning 
agents 

Steam grneialinir (aiililirs 111 a rc'xtile plant will nnimalh be i|iiitr simple (a>ii- 
drnsate is usuali> not 111111 r than nl loial fredu.ilei 1 hr boilers are griiri- 
ally Inu piessiire and die siram is lately used lor power griieration except m dir 
largest mirgrated nulls 

Efflurnl iieaimriiL ma) fx‘ quite compilealecl Ix^caiise cd die irsidurs ol proc¬ 
essing 1 hrmicals presrin in ihe raw wastc^watei lii-pJaiit coniainmeni and proc¬ 
ess modihcations are irureasiiigly necessar) lo meet elllueiil rrsinr lions 
Typical wastewater Lhaiaclensiics arc lisied 111 lable SS I 

A ircMtmeiif scheme lor a large finishing plant is shown 111 tiguir SS. 5 . 
1 he large ec|uali7atioii basin is provided to even out changes in cumposilion and 
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Figura 33.5 ( nttoii fiinsliin^ mill I Him m in iinuiu sihLini 


ttm|KicitiiiL dJirl L«>iicJuic ih( ludi ludil mi ilu atirilioii basin In smiii 
ihe pifsincr ol siiniiiJ wasiL (laiislji limn nitiirl>is si/infr af^mts) 
re(|iiiies si jiraiinn anil siparalt iiLaimiiil of thi st sittains Viiixaiirl lailxin 
has tK*eii used as pait rif ilii iiiaLiiuiil wliiii dves aic .1 piiililtin 

SUGGESTED READING 

Shiivi K N (himual Vyutiw lmiushh\ hi (cl MiC*rm Mill Ni^\ \<iik lMh 7 
( S 1 riMiuriini nl.1l Piiac 1111111 \^ciir\ Ihi^hlninht ihitumtnt ftn fht Itxhit L r\ 

lirVI 71 \}22 d |iini 1'171 







Chapter 34 
Utilities 


Sit (till I lit II If pnwii gLiiii pi nils lie ihi Ingtsi inLliistiial iistis i)l uAUi in 
lilt I until Sums 1 111 It filial Pduli ( fimrinssion 1^70 Naiinnal FSmii Suivtv 
itpinttcl ill It iililitits intiliii^ \\aui cdiisUiiiicil HOS cil ill siuh watii usa^L or 
ippioxiinaU l\ DHL lliiirl of ihi. itilioiis lulal \siUi wit lull <iwals \hriui iKVA ol 
llu wall! vMiliilrawals l»v iitililies is lush watii J In hdltiut is saline watei used 
In Kt'iHi iiiin^ St iiioris ni toaslal le^ions 

1 liL liws rii llu rinnilMianni s limit llu amount ol tin ineigs in hul lliai lan 
hi iOHM lied in wnik In a sieani tinhiiu Mon than ol llu iinlialh asailahli 
heat It mains in the e \hdiist sUaiii kaini^ ihi linhine nnl niosi oi this is i L|eLltd 
In looliiig wall! and then liisl lo llu sinrnuiidin^ enviioiimenl ( iniIiii^ water 
iii|iiiud loi tiJiiiUnsiii^ the luihiiu exhaust stiam m a 1000 VfW (I 000 000 
kH) plant is aliinit 400 f)00 gpm (1500 mVimn) 

Bv tijiiipaiisiiii oihci vvatei 11 c|iiirenuills lor steam eliitiu plants ne small 
Iluse iiuliidi r i plai c mi lit of hlowilown and olhei losses fiom the sttam c\tle 
ash tiaiispoit (in iossil fucleil plants) equipment ilcaniiig and doiiiestu uses 

A high pciieniagt ol the iiMihiig water is ictiiintd due ills in its souice be 
cause fince ihiiHigh eonhiig is used in plants ha\mg about TOS^r of the eiiiiently 
installed geneiatiiig lapacits in the Ignited Stales Beiause the eniideiisti outlet 
walti IS l\piialK 5-25°F wamiLi ihaii the inlet heal is the pnniipal 

enneeiii in distharges of utilit) iiKding watci A goal ol U S emu on mental 
|K)hcy IS climiiiaiion of thermal diseharges by utilities to reeeivnig walcis by 
|ulv 1, 1081 with some' exceptions 

The diffpienee between total watn withdiawal and wastewatci dischaige is 
mostly cvdpoiation Fsapoialion oeeurs pnnupalH iioin ponds anel iiKiling 
towels used iii leciiiiilatmg cooling water s>stems there is also snint from the 
sui faces of ash settling ponds Miiioi watci losses ran also cxeut hy seepage into 
ihe ground liom unlinecl poiids» and in wet ash or water lieatnient sludges 
hauled from the plant 



FIgurB 34.1 This utility <^\sif m ihmh pm lUs Uiili a hulIl 11 umnlt IM mil i mi il In i il imii 
(iiglif) «it llu s<iiiu Mil {{ tm}Us-\ of { tnulmo Pom ! }^ht ( onil)iin\ i 

L liliU w.istt u»il( 1 i 1111 I 4 I 111111 . 111 IS iiicluiU siispi iiilc il siilids fill i ils sill II IS linn 
anil iu|)pfi adds and alk.iln s hnin ualii riialini; <inil 1111 i.d ihaiiiiii; npii j 
linns, oil and I i ss likilx In hcinniL a wain innl.iniinani hiil nl s|kliiI 

nun niiint iilal Liinitin an poise liiniinau d hspluiul Minipnunds (IH h s) usi (< 
as ti ansloi iiiLi llunls nnu be ln^ ttplaitil b\ s.ilii iii«iuii.ds 


THE PROCESS; ENERGY CONVERSION 

In sli aiii-c let till po\M 1 pi rulni linn |l i^iJtL il I) lilt tin inn diini^\ ol li>ssil 
iiie'ls f>i llu lunlcai niii^x of [issionabli inauiials is toTuiiiitl in lii.ii loi |*i 11 
craiinii ol sUain dial is llu ri t iiiivt lu li lo me tlianUid i iii 1 in <1 luihinc 1 nii)ilt rl 
In an i kiiiii al gtiii 1 aloi l*\hauM sii am is 1 niidi list d and 1 nui lud in llu lioiU 1 
Wilhiii llu Hiiitl (w.iUi stiain) lvcIl of a sUam iktliii plain lln tlnnuiii.il 
irlfiLUins al vsliuli liLal in the sitaiii lan Ik loiuciUtl in a luibiiu lo wink is 
shown b\ 


Flu (111 lluoirtual ffluicnis 



y ion 


wheie /| - ahsuluu ti niptraliju of llu luibiiu inh^i siiani 

r> - absoliili itinpcialiiu ol tiu iiiibiiii t-xliausl siiain 

I bus the )]rreattsl Hluuiuy is ailurviMl In piovidin^ llu lii^lirsi iiikl sUain 
lenipciatuit (A 1 ) and lowest txlidusi it'inpeialiiu (/_.) pi at tii al loi a^utn ImiiUi 
tuibiiie-condt‘iisc*r system 

In piadue iippet Lempeiatuies are limned by the siteiifirih ^0 nuMals availablt 
foi bnilei and supetheatei (oiisiiuirion, stieiif^ili I.ills off ia|>idl\ as lempeiatiitL 
exceeds 000®!* (1K0®( , rihO“R) I pper tempeiaiuies aie geiuiallv limited In a 
inaMmum of about 1100®! CiOO®! , fibO^K) A signifuani KMiipc*!aline dilleimu 
IS rec|Uired lo cause* beat to Mow lioin the exhaust sleam In the c ooliiif’ nudiuiii 
circulated thiou^h the rondenset 1 he practical elleit is that lower sleam urn 
peiaiuies {/ 2 ) on condensing turbines typiiall) lange HO- 120®T (27“-40“( , ^>411 
580®R), even with ciKiling water at 40®l (!®( ) in the* wrinlei Wiiinn these up]u*i 
and lower temperatures, then, the best theoietical elTuieni) woulif Irecalmlaied 


1 '>60 - 540 
1560 


100 - 65 4';! 


Iheoretical efTiciencv 



Ac.hu'\able eHiriciicic's afe Lonsidciablv Irmei than theoietiial b^jlh for ilie 
lliiid and Ini thtr gciu'ratiiifr plain as a whole Sif;nihian! eiicigy is lust in 

o\ Cl coming fluid and ineihanical liuiioii Sizable ainnunis of cneigv aie ton- 
siiincd ill the njicralion oJ the planfs Iccdwalci pumps, Ixiilci diaft Ians, and 
oihrr aiiMlianes A power plain's pollution lontiol equipment, lequiied to meet 
an emission and walei disc hat ge slandaiils, laii tonsiiine as mutli as \0^A of the 
elettiiial output Aiiual sicam-electiii plant osciall cfliiiemies range from 
^2 lo VVrt 


POWER CYCLE 

1 lie etieigx flow thiough ihe watei-steam phase tliaiiges m a sieam-eleLtiii 
plain IS called the Kankme (acIc, basing loin basic stages boiki, tuibme, con¬ 
dense i and feeilwalei pump 

I In Kaiikmc C vile iiiav be illiisiialed bv sevc^ral kinds of diagiams tigute 
\ \ 2 shows ih.it i\ik, relatnig llu change in lemperaruie of the liuid to its 
iiitKqn ai each stage in the* cvek l*ntiopv is a measiiie of that poitioii of the 
Inal 1 ei eiv ed bv a c v cle that i aiinoi be coiiv eited intii work due to i anrloni motion 
of the gas tstcMin) inoleLiiles tntiops is expi(.ssiMl matlu malic alls as the ratio 
of hr.il loiileiil to iemperainrt 

lo .11 Inev e the highest possihk thei modvnamii elhcii'iuv, modem lossil- 
liiid powei ( VC les use sleam supeihcaieis and lehealLis lo laise aveiage lempeia- 
tiiit's (/ |) of sltani flowing ihioiigli iIil tuibiiiL ( onihnstis opeiauiig at bigli 
s.uuiim pet mil expansion of sle.iin to tin lowest possible i^xhaiisi ii'inpeialuie 
{I j) \iid lo fill llu 1 lecovei as niuib hi at as |X)Ssibk. p.irtiallv expanded steam 
IS exlt.iiud from llu luihiiR at vaiious points lot hiating feeilwalLi (called 



e ^0 f Steom enponsion ond conversion of heol energy to work ^ 
f lo Q Reversible reieclion of unovoiloble heat lo cooling water sink 

FlQurv 34.2 Steps in the Kankme cjile lioiii the ininKluiiion of water as a Itquid into the 
systi'm, through rts phase change to steam whnh pnxluies woik in a tuihine, to the ron- 
derising ot the exhaust va|x>i to watei again for iclurii to the boiler 




Stage heoters with coscoded drips 


FIgim 34.6 Diagram nt a HWK nucleai fiiiw^r tyilc shiiwing niajnr rils and 

lypiial pri'&suies and temficiaturtrs (Adaptf d ffom I hr Effrtts of Wairr Qiia/i/v ov tht Per 
formance of Modem Power Plants, Klem and Goldsietn, NACE 1968 ( onfertruf ) 
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lli.ll III w.iin pli.isr ili.iii^cs ficiin fiDiii uatrr ity .mil ihrn liiiiii sIlmiii 

hiuk ID Wiilii WliiU ihtir .III* aii\*iiiMi>i*s lavoiin^ ilium l\|)( IioiUms (fi(>iiiL‘ 

II *1) li)i iimsl ^uIji 1 iliL.ll pirsMiit i\cles, nnii* tl1lllLl^ll hmliis air sniiielinirs 
usL'il luiaiisr nl l«mii mili.il costs 

Diiiin i\])r hoilris lia\r two m.i|oi .iil\.ml.i^rs in siibcnlii.il sIlmiii .iiiiin 

III si ilii\ (till pnirluir lii^li |iiiiit\ sUmiii willi less slimcrejil leeilwalei ijiialih 
1 iipiii 1 iiu'iils Meihaiiiial ilisen^.if^rmeiil of ste.im finm llir i eiii (iil.itin^ ualn 
liMM's most ()l the uiidrsiiable scilids behind in the bnilei w.iler And liLiaiise 
hoilei iiueiiial leiiiiillation lates aie about lout limes the idle ol steam How 
fiom ibr boilei, the fluid nsiiifr to the sttMiii ibiim horn the guuialmi) tubes 
will be about 7 'i'/r w.ilei Ibis iiil.iiis that supeiliLMl(*d steam, m whiib some 
boili 1 waiti iin|>iiiilies vsoiild beioiiu soluble, laiiiioi cMsi in ilie boilei cliiiin 
Seioiidix, suite the letiiiidaliritr inixtuie m the boilei lubes is |iiimaidv watei. 
iiioie elliiieiil heal lianslei and lubi metal cooling on ms than when steam 
.done (lows thiou^h the tubes 

In siibuitiial ol 1 (e-lhluu^h bodeis, a lomplele phase ihan^e on ms with 
Avalei enleiin^ at one end and supei healed steam le.iMiit; at the othei I heie is 
no I eiIII til.ilioii wiihiii the unit, iioi is theie a ilrum loi nu'Llianiial steam-water 
sep.jt alioii Boilei blow down is iiiipossilile, so In pie\eiil deposilmn ol solids 


Figure 34.B As ImhIu piessuit 
nil leases, steam rleiisitv and waiei 
densitv, whiili .tie ^leall) iliHei- 
iMit .It .itiiiospheiK piessure, ap 
piii.iih eaih oihei, bi'i (lining 
equal at IV^OH psi, the ciiiiial 
pressiii e 



Pressure, psio 



3M TIm NALCO Water 



^ SPeam 

flow Q 


Circulation 
I low 0 

Feedwater 
flow 0 


(a) (b) 

Figure 34.9 I lie h<isit cliHi I i*iu( •» fxtuiin (ri) lIiuiii r^ |h 
<ind (fr) iinriMliiiiii^li suain Jttns 


111 ihr s^sltrm hcMiiiil ihc pdiiil nl ^aUM-stiMiii pfi.isc tliaii^c ii‘C|iiiii*s 
feeil^atci qiiaJiU i L'C|Uirriiu'nis —consirlnahh liif^lit’i than for ili uni i\pi'I miiIi is 
Pin imIps opt'iaiin^ ahrive nitiial piL'ssuit'. iin phase (hanL>t uiiiiis sii iiu 
stcdiii-^valrr st‘paiaLioii is pussiblc 1 hus, ai supuic iitii al pi i^ssiii l‘s, all sKmiii 
grnciatnis art* nntr lliiou{>h L niveisal Fifssuii Hoikis air uiur-ihi iuif;h 
IhhIcis suitable fni usr at pirssuirs ahiisr ni brluvs miiral Piniii ilu sl.inil))niiil 
r>t lube metal allin and thickness irquiirnients, ihev aie lm rnininiialK iiirjst 
piaiIleal lot npcnatiun in ihr ian|i(r nf abinil 2000 in h)00 psi 

In higher subcntical piessurr fvilrs (27^11 2H')0 |>sia). llu biiwiin 

leetlssatri qualits ici|uiiriiirnls nl iliiiin and niiir-tliinu(r|i built is is suinrwiiai 
lessened \{ suih piessiircs, eliectivc methanical si tain ualii srpaiatinii is an 
advantage pinvidcrl In drum l>pe Imileis Rut llie ailvanlagr is liniileil In ihe 
iiuicase in the snlubiliiv nl wain lontaminaius m the steam, as llu dcnsiiiis ul 
sieain and vvatei appioaih each iiihci (1 igiire M H) Ihe sniiils dissnlxrd in 
steam Laniinl be leiiiineil b\ meihaiiiLal srpaiEiliuii dexites iii a bnilei ilium 
For high pressuir utililv boilers, iheieliife, the loiiceiUialinn ul solids in suaiii 
is deleriTiined In an im|initant exit'Pt bv then sleaiii-nali i snliibilil> lalios at 
the upeialmg picssuie Silua is a nniablr example (Figine 10) 

If solids Luntriiltaliuiis in the strain urir to average SO ppb (/xg/1), lui 
example, a 200 megawatt tuibiiu* would icceive more than 200 Ibs/vi (01 
kg/>r) of pniential depositing siiltds Ihe pnitinii that wuulrl deposit in the lui- 
hiiie and the poTiinn that would remaiii in the steam to leivile In the boiler 
IS not aciuratelv piediitahle But, to avoid exiessive turbine louling, expeii- 
eiue has shown the iiecessitv ol keeping total salt c oiuenliatioiis in the steam 
below lO ppb (/ig/1) with siliia not to exreed 20 ppb (/ig/l) Fuithi t, to iniiiimi/e 
any potential lui stiess runusiun iraiking ul tin bine inembeis, the slLaiii sulitls 
should lie fiee ul sodium h>Hi oxide 

In nucleat power lycles, water piiuty is ini|iriiranL lor a rliffeieiil leasnn 
Although M 2 O becomes onl) slightiv ladiuaitixe uniief neution Hiix, pinduLing 
only shoit-lived isotopes, the response of inaleiials m the walei uiulei Mux is of 
concern Naturally orcuiiirig cobalt, for example, would be an extieniely un¬ 
desirable constituent of pnniaiv coolant water piissiiig thtough the tcMdni cote 
in cither BWR or PWR ivcies The pioduil would be higlilv radioaUive. eniiitmg 
high energy gamma rays during subsequent decay So lubali must Ik* avoided in 
such systems. Sinic most othei metals also produce radioaiiive isotopes under 
neutron flux, the lolciaiice for walei coitosioii products is limited 111 nuclear 
cycles for opcialing and inaintenanie s«iielv 

Although the required degii*e ot purity vanes loi diflerent cycles, lelalivelv 



high purity water is lequireH foi ail much in power cycles Many water constitu¬ 
ents UKiay must be measured and loiui oiled at parts per billion (ppb or ^g/l) 
irmceiitiation li\els compand lo then iiuasiiicmenr and control ai parts pci 
million (mg/I) coiiiciiiiarions in the lower piessuic cycles that were once 
rommori 

However make up watc r of the punts iec|uiTid can be produced leliably and 
at reasonable tost b\ ion evihange esapot ition and oihci pictrcatmeni 
methods But because make up warti volumes aie usually only H/r or less ol 
lotal lecdwaici in typical powei lycles the Tiia]oi problem has heciiiiiL keeping 
llu walci pint alter n has inliicd the cycle 

Mil two main pott ritials for i uiiiamiiialion of high piintv water an cciiro 
Sion ind m hakigt ( iniusion iipnsciils noi nrds mtial cl image hut also con 
I iiiiiii itirni ol the system w tie i with conosioii piodut Is 1 rm punts walci ciilcis 
lilt I Stic at points ol high vaLUiiiii (e g the surface loneUiisci) and this in 
le ikage is a stionrl ma]i)r souui ol eonlaiiiiiiation ( aiefiil design and sclectinn 
of iiiilLiids ol [ iJiisii 111 tiim iiiiniiiii/L tin 011111 it rue ol these ptoblems 

WATER CHEMISTRY IN FOSSIL-FUELED PLANTS 

\pin liom SIC mi i|iialil> ioiisirlti iluiiis e ma]0¥ goil i>l tvilt waUr Liuriiistrs 
iikI tu ilmciii (oiUhiI is llu pieMiiliun ol luhL inelil lailuirs iii high piessun 
sic im gi luiaiois 

Because iiiikt up walti is ileioni/td and Lsstiitialls Int of measiirablt 
lincliuss mil ollut solids lulu Inline dut to wait! side scale anti deposits is 



FIgur* 34.10 Distnbutiun ol silita between ImuIci water 
and strain 
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Mclals iisc^l 111 fahncaticin ol Lrindtiiscts, low picrssiitr healpis and liip'h plea¬ 
sure hc.itcis die LoniiiiniiU tasi non, stainless steels and aliens ot cuppet, &uch 
as bidss and monel I bus, non and i oppe t aie the pnncipal Lfinfaniniaiiis liktlv 
to be aLi|iiiied bv feeduaiei einoutr to llit iiieaiii gtntiaioi 

>ecduater pH is an miptiiianr faiioi in mniimi/ing pie-boilei iiniosinn ot 
inetab I'ur mm and its allo\s although a minmiuin pH of K ^ mip;ht lie aiiept 
able fceduatei pH values in tin range of M 2 to b are iniisidered ripLimum 
I oi loppei and its aliens, leedtvatei pH values generalK shoiilil lit in the range 
of H 1 to 2 \ coTiipi oinisi fecduatei pH lontieil laiige of 8 8 tei ‘1 2 is usualU 
established where both metals aie present 

\olatile alkalies such as aitiniiinia and amines that will not tontiibuU dis¬ 
solved solids die romnujiilv used foi pH coiiLiol m this pnition of tin cvile 
(eedwatei nwgeii also has a great hear mg on pic hoilei loiiiision and con 
tainmatiori. an o\>geii level ol 5 ppb or less is usiiallv speiihed 1 he largest 
potential foi oxvgen ailmission iiiiiiis in the high vacuum portions ol ihc ivih 
Oxvgcii can be rcdiiitd in low levels methaniialls, citlui m dtacialing ivpc 
surface condensers m in separate clean alms locate il ahead of high piessuit 
feedwater pumps I oi removal ol icsidual owgiii hvtiia/mi mas In injiiled 
cnntiiiuouslv imniediatelv dowiistie.iin of the londensct H\dia/iru is a (hi mi 
cal owgen siavcngei that iiitiodmes no solids to tin ivih Its ioiici iitralinn is 
cnntiolkd in the lange ol 10-20 ppb m the Irtdu.ilLi iisuallv nuasiiicd at tin 
eiononn/ci iiilci 

Ammonia, an important lactoi in prc-boilei incku]) of loppii is gciuialh 
present 111 powcM cvcles, cuIict dm to due cl addition or ih Loinposiiion ol rln-tm 
cals such as hvclia/ine or amiius that have Ikhii aililLcl to the svstiin ll lari also 
result from thermal decoiiipositiori ol orgaiiu niatlci m moling wale r inltimg 
the i\clc through cnndciisLi leaks 

In suHinent Loriiciitralioiis ammonia leails dirccilv with loppei to loiiii 
soluble complexes or it can contribute to stress coiiosion cracking ol coppii .illnv 
tubes tven at lower conceiitiatioiis, aiiimciiiia tan react with ptotcilivc mppci 
oxides on the walci side of [cmcirnsei and heater liifn siiiJacc s, exposing pan iit 
metal to wastage h\ reaction with oxygen in the fecdwatei lo mimmi/e loppn 
attack, most o|)eratois limit cvile arumonia i rmccniiatiotis to about 0 1-0 ^ ing/l 
Ihesc limits can be met b> cartfully iimiroiling chemiial additions lo the cvile 
and by proper icgeiieiatnm ol rondciisatc polishers Where aiiimmiia iomclii- 
ttations build up bevotid the desired maximum, deionctniiacioii mav reijuiie 
temporarih dumping the normal!) recycled afteicoolei drains (tigiin ‘H r5) 
where ammonia concentrates 

Good design rails for careful selection nl materials oi constiuitioii lo with¬ 
stand the enviionment of the pre-boiler s)stems Condensei tubes in fresh water 
ccxilant service are commonly brass and stainless steel These materials are also 
common in low pressuie stage heaters, except for supercnrical piessuie cycles 
where even minute concentrations of copper can cause serious turbine fouling 
problems, this requires the use of carbon steel High pressure stage heaters 
are fabricated cjf ropper-niikel allo)s and carbon steel 

It IS now standard praUice to reduce metallic "crud"’ in ulihtv feedwater bv 
polishing the condensate through a filler of mixed lation and anion exchange 
resins filtration removes the insoluble ciud and ion exchange removes any dis¬ 
solved Lontaminants that have entered the cycle by inleakage 

As shown in Figure 34 14, polishers arc genet all) liMated between the con¬ 
denser and the hrst feedwater stage heater, since a large part nf the vulnerable 
pre-boiler metal surface area is in the condenser and on the steam side of stage 
heaters cascading drips back lo the Londenser this placement protects high 
temperature feedwater healers, the steam generator, and the turbine from 
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Figure 34.13 \ niuniifiiMisihlr iiiiJuiliii^ an hiini inleak.ijii- and 
\Mi lioiii sliain ivilt, an* iiMiinvrrJ In 4*j(.'(ti[iii .inrl inlci .Jiicl allti 
toiulrn^ns I inal iliips nia\ ht i(‘ilaiiiirri in rlisiaidril il LiJiilaniinaUmi 
li \ f Is ai i inn liii;h 


drposii-lfii 111111^ 4 iiiiiaiiniKiiilN linntiitiiiiis nii iitii (‘vtliani^p lesin 

irintinl Imatniii of pidishcis in ilic imIl .ibk* pnJishris lan wiLlisraiid 

iniK aljiiul I 20 'l* (), sn iniisl Im' rnnlineil in ihr LOiirleiisn, (lowrleipd rrsin 
units iii.n Ik* plaietl in iniipiMatiiie liuations, Inii still in tlu* lov\n pit*s- 

sLin* sla^t* luMlci iiaiii 

I 111 lu'si insi pt IfniI 1 M 111 I*, irf’uiui.ihle inixid lH*d pnlislicis jie ininnnmk 
Dpinalccl ai srivui* Him iaU*s inn ^lO ^pni/fr^ (12 ni'*^iiiin/m^), aboiii trn times 
ilu‘ I air rinpUned iii ia\\ watei driiiiiiciali/alitin lo asiiid aii\ possibihlv n! lon- 
laiiiiiifiiin^ Lsilr nalei nilh re^enriaiil ilirniiLals, irsins aie iriiiinrd fiimi ihe 
pfilishei Ini I'Meinal ic^ciirialitiii and prinnlii tlranini; 

\iiii-ir^riiri.ibir, |iin\dried rrsiii pnlishcis liasr Inuiid wide acLcptanLe in 



pump 

Figure 34.14 Piiwci i>clc nuh tull-llnu inndrnsate |Milisliinp; 
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utility systems. The finely (ground resin particles provide ^ood hitration and 
excellent kinetics for ion exihangc. This type ot condensate poli.sher is typically 
operated al service flow rates of about 4 gpni/sq Ft. During cycle cleanup, such 
as during start up, an inexpensive cellulosic hiter aid may be included in the 
powdered resin mixture. In any case, when the resins become fouled or ex¬ 
hausted, they are discarded, usually every M or 4 weeks. 

For either rcgeiierablc or non-regenerable polishers, the cation exchange resin 
(.an be used in amnioniated form to prevent removal of ammonia troin the cyile. 
Anion resins arc in the hydroxide form. 

Virtually all oiue-through boilers, becau.se of their especially high water 
purity requirements, employ polishing of total feedwater. 

In drum type bodei systcm.s where water purity i.s less irilical, condensate 
polishing may not be economically justifiable lor iiornial day-io-dav opetalions. 
But even in the.se .systems, condensate pidishing ma\ be worlliwhile to protect 
the boiler and turbine from the high levels of'irud and silica common during 
initial .start-up and subse(|ueiit re.start.s. A polisher can greatly shorten the pre- 
circulation time, and id ten pay foi itself in the lost of purcha.serl |>owei that 
would otherwise Ire netessary during the start-iip peiind. 

(ainden.sate polishing eliniinate.s ino.st depiisii-lotining materials that ireate 
chemical com cntralion mec hanisms in steam generator lulres, bul suili measures 
are never completely cITective. Long term accuinulatioiis of .such depo.sits, pim- 
cipally iron and ccrppei oxides, on lM)jler tube surfaces aic lemoved h\ periodic 
cleaning. ITtility boilers are geiieralK lonsideied ''clean" with deposit weights 
le.s.s than 15 g/sq ft (J.5 g/ni‘) oJ luire area. Subcritical pressuie Imilers ate lon- 
sidered dirty w'heii accumulations exceed 40 g/sq ft. Siipeicritical iMiileis are con¬ 
sidered very dirtv at acrtimulations over 25 g/sq ft. Power boilers with noriiial 
feedwater conditions may be routinely cheniiiallv cleaned eveiv (out seats. 
Longer intervals may allow otherwise soft deposits to haidcn and become 
tenacious and difhcuU to remove. 

Corrosion and hydrogen damage of boiler tubes are not likely to occur wheie 
rigorou.s control of pre-lxiilei iheniistrv, condensate polishing and periodic 
cleaning keep.s Imiler .surfaces clean. Bul because ck'aii tube .surfaces cannot Ih- 
assured at all times and conditions other than water side depo.sits can cri'ate 
chemical concentration iiiechani.sni.s, it is general utility practice also to exclude 
sources of potentially aggressive free sodium hydroxide from the Iniiler water. 

Corrosion of Ixiiler .steel is also a function of pH (Figure 34.15), and pFl values 
ideally should fall within a general range of 9.0 to 11.0. Bul a sale value must lx- 
achieved without producing measurable re.siduals of sodium hyilroxide. In util¬ 
ity practice, this is ar cornpli.shed either with a selection of sodium pho.sphalc* 
.salts or with a “zero solid.s" treatincni using all-volatile chemicals. 

Sodium phosphates provide the de.sired pH in boiler water, while avoiding 
the pre.sence of free .sodium hydroxide, as shown by ihivse hydniiysis reactions: 


Na;,P(^, 

(irtwKlluin iilHifiphali-) 

+ PO, ’ 

(3) 

Na:,PC)4+lL() 

?±NajHPC >4 + NaOH 

(fi) 

NajHPO^ 
rdiviidiuni plUMphati' > 

^5>Na" + HPO,-* 

ti 

H* + PO, =■ 

(7) 

NaaHPO^ + HjU 

^NaH.PO, 4 NaOH 

(«) 

NaH2P()4 
imonoMNllUDi phQBphalel 

+ HjPt), 

n 

H* + HPO,-* 

(«) 
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Mineral acidity Hydroxyl alkalnily 



Figure 34.15 Ariatk mi stril ai ) bv uatri iit \aiMiif; pi I 


I ht‘ phusphatrs usril .111* hliMiils iil disoiliuni and insndium salts id phiis> 
piiniii anil Tht sjieurs id phnsphau* pirsnil will di'prnd upon pH. as shown 
111 l<if;uiL' .‘H Ih 1 his ploi slums lhal phosplialrs rxisi almost rntiirK in the 
rlihasii 11)11 [diiti (HPO4 -) wiihin the pH lan^f ot i) 0-11 0 umsidcit'd npiiiiiuin 
ii)i iMPilri sierl 

i\i)U' tliai pH IS ni('asuiL‘d on a tooled sample, and cquilibiiuiii pH \alues m 
ihi* boilei ait' soinewhai dilieieiil 

Uheie ihe sodium (Na) ro phosphaie (F()|) mole ratio in puie waiei is S 10 1 , 
tin NaiP()|, the 1 elalionship ol pH 10 phosphate ion toiiieiiliation will be 
as shown on I he so-i ailed "i 001 d mated phosphate'’ iiii\e (I'lf^ine HI 17 ) 

(amtiollm^ pH soleb In sndiiiin phosjihate liydiolvsis, bulk boilei watei pH 
should nevei aitideiiiK iiuiease to lexels a|^|iiessi\e to Imilei steel Reaction (H) 
shows that the hvdiolvsis leaition of iiisodiuni phosphate is sell-limiting, as 
pH rises above 10 0 , geneiation of hs dioxide ions h\ kndiohsis den eases. It is 
theoietiialK impossible foi a solution of NaiPOi to leaih a pH murh alMive 
12 0 If the NaiPC)^ solution wei e to t oiiteiiiiate in 10,000 inf>/l, the pH would he 
12 


FIguru 34.16 Tht distiibiitioii 
ot difleient lonit species ol phns- 
pliatc ai \aiiuus pH values 
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Flgura 34.17 K(|Liilihniini l.x'twet'ii PO4 and pH di'fiiiin^ 
the r'Diirdinjiecl plinsphatr hound.iry. (ArUiptfd Irrmi (lom 
hustitm, ftp. '0-o2, Ortuher 


.Sodium hydroxide peneraied .solely by this hyrlrolvsis leacrimi is .soiiuiiiiK'.s 
called “capiive"; ii will be "lakeii bac k" and reveri lo Na.jPOi ai any silt's uf lo¬ 
calized evaporative' (otiientralion. 

In Reaction (6), if water were lo be removeil by evaporaiion, the ecpiilibriiun 
would be forced ti3 the lei'i. Upon evaporaiion lo coinplele dryness, ibr residue 
would contain Nar^POi, free; of NaOH. Hut incoinpleit' evaporaiion. ihe rntne 
likely rondiiion beneath a porous deposit, produi es a licjiiid beneath ihe deposit 
rich in sodium hydroxide, especially if incipienl loiali/ed corrosion were al¬ 
ready occurring. Thus, maintaining a m 1 sodium:phosphate ratio in ihi' 
hoiler water may not provide pri.siiive protec tion against caustic ccnicenirate lype 
corrosion damage. 

Many utility operators have adopted a rnodihed form of coordinalc'd phos¬ 
phate control calling ftjr inainlenaiicc of a Na:P( ).i raticj not liver 2.b, correspond¬ 
ing to a 3:2 blend of Irisodiurn and disodium phosphale. I he conlrol diagiam 
shown in Figure 34.18 shows the diHcrijig hydrolysis eH'ects of rliHetenl 
sodium phosphates in selcrctively adjusting pH, POf, or both lo keep 1 Dordinates 
within tin; de.sircd range. 

'Fhe all-volatile treatment (AVT) method uses only iiiti ogeii-hydrcigen com¬ 
pounds such as ammonia and hydrazine;, so no solids are addc;d. This is man¬ 
datory in oiice-through steam generainrs. Fven in drum type l>oilers, volatile 
treatment offers protection against superheater and turbine deposiis that mighi 
otherwise occur with carryover of lM>ilei water conlaining dissolved solids. 

A disadvantage of all-volatile iieatment for drum type Intilers is that the 
boiler water is unbufl'erec] and ihu.s subject to extensive and rapid pH excur¬ 
sions in the event of feedwater contamination. There is no tolerance for con¬ 
denser coolant in leakage unless condensate polishing is provided. 

Contaminant salts entering the cycle from other sources may produce acids 
(H^) or alkalies (OH ) capable of being concentrated locally to i;orro.sive levcds. 
Typical cuiilaminani sources are (I) condenser leakage; (2) treated make-up 
water contamiiialion hy cvafHjraior ciarryover or deniiiieralizer leakage; (3) re¬ 
generant contamination from ion exchange units; or (4) incompletr removal of 
chemical cleaning solvents or alkalies. Of these, condenser leakage is the most 
significant. 

Boiler lube hydrogen damage as a result of condenser leakage is particularly 




pH jt^; 5 'r (7e“F) 
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likfl) Umhcui wheiL iliL (oolinfr wafer IS hiackish 1 he KatLioiis of crmiaimnants 
such as laliiurn ihlonde aiul magnisiuin ihloiidi in lioiki uaiei afui deple¬ 
tion of any soluhlt. phosphaUs an 

I f 4 2HC1 (1U) 

(aCI +2H()H ►CafOH) + i2H( I (11) 

In high piiriu unhufliiid IjoiIli watii \u\ small moling wain Itaks tail 

I idui I pH lo 4 0 or liss Whin the and is thin loni Liitiali d locally within a 
dt posil at a lulu surfatt mirosion and hydiogin daiiiagt pioftid lapidK 

Whih pi OIL I lion IS aHnided In tondc.iisalL polishiis siiiti suiviillanir of 
ioihIliisli ItakagL is piiidtiil foi diutii tspi hoili i ivcks wilhoul pokshL^is As 
a giniial tuli k.iks lausing (I 'i iug/1 Iti dwalci mnitnhalions lan usually Ih. ai- 
LOiiiniodalLil in iioiiiial opcialinii without si nous rlifhiully fLcdy\aui miiien- 

II ilions of JO ingyi may hi toJiialiil foi shnri piuods hut inniudiaK boilei 
shuidown is usual whin a londLiisct leak pioduiis i oni t nliaiions gicaur than 
J 0 nig/l liiiiiu diali hoik i shuidown is always indii.in d whin aiLtpiahk Ijoiki 
W ill I pH laimril hi mamlanud 

I he luiLSsaiy lonimiious suixcillaiui of londcnsii It.iks usually nlics on 
soidlcrl i ition i oiiilui ii\ii\ nioinioiiiig whuli iffciliycly sciisi s loiueiUia 
lion ill ingi s Ls sin ill is 1^0 pph (/xg I) In this me ihod amiulcnsati sainpk passes 
ihioiiL>h I lolunin ol aiidfoim i.iiioii itsin lo lonviii sulfau ihloiidt and 
mil 111 salts lo more ili(liiially LonduiliM suIIuiil hydioihloiu and niliu and 
1 hi mnduiiiyily is then iiu.isuicd in tin itsm lit lUil sampk 

Moniiois foi siliia and sodiniii aic alliiiialni dcviiis foi Lkuitinn of ion 
ihnsd ktiks \ganisl haikgioiind i oiiie ntialions i ominoiiK ciuouiUlii il in 
luthiiu ionrhnsaUs availahk moniloiing iC|Uipmnil i.tiiuliahU dilcii ihangcs 
1)1 ") |)pl) Ol kss 111 LitliLi of ihisc iiiDlainiiianis 



PO4 TdIqI phosphate mg/l 

Hgura 34.13 Suggesud luoidinaUil phiispliatt iminol 1.11 git foi high picssuit boilers 
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WATER CHEMISTRY IN 
NUCLEAR FUELED PLANTS 

Thcr nuclear pressurized water reactor (PWR) (Fif^iire M.5) has two major water 
systems: 

1. The primary loop, nr reactor coolant system 

2. The secondary loop, or steam generator-lurhine cycle 

(Components oi the primar) liKip are the reactor vessel, a pressurizer, steam 

generators (heat exchangers), and circulating pump. In the priniarv Imtp, water 
tenifH-rature is allowed to rise only alxiut 50“F (2d“(C) passing through the re¬ 
actor, so recirculation rates are f|iiiie high to absorb the ainouiit ol heat gen¬ 
erated. Pre.ssure of the Tecirculating water is kept high enough to keep the 
water from btiiling. 1 he piessuti/ei niaiiitaiiis this pressure and ahsoibs 
changes in volume produced bv changes in temperature. For inaximum rnrro- 
sioii resistance, wetted surfaces in the priiirarv liMip aire usually •ilainless steel oi 
nickel-based alloys. 

High purity must hc' maintained in the priniary loop water to iniiiimi/e louliiig 
oi reactor and exthanget heat transfer surlaies and to a\oid contaminants 
that could form undesirable radioactive isott)|H's under neutron flux, (iontioiled 
additions and retiunals oi iMiiic acid in the primary litop waiei piinide ilie loi- 
rect concentration ol neiition-absorbing boron needt^d to contiol neiition flux 
and energy transfer. (Ihennials such as lithiiiin hvdioxide, foiining relativeh 
safe racfioisoiopes under neutron Mux, ate used for pfi control in the primar\ 
loop. 

Under nucleai rudialioii in p<Lssage through the reaitoi, some ol the piim.ns 
liMjp watei is deconiposi'd into hydrogen and oxvgc'ii us lollows: 

HaO-^lla + '/2()2 (l‘i) 

'Fo .suppress oxvgeii generation and to scavenge oxygen entering the s\siein, 
hydrogen gas is commoiib added. Piimais loop uatei punts is usiiallv ninm- 
taiiied bs coiilinuousb trussing a |joiiifiii rd the iiiLulaling Wiiiei ihniugh a 
mixed bed denniierali/ci. These generally utili/e aniim resins in tlie borate fiiim, 
to avoid removal of l>oron from tlie watei. As impurities arc iimiiluie, these resins 
lend to become radiouctise and regeneration Ixuonies inipiactiial. (ioiisei|iienll>, 
the resins are event uall\ dispo.secl of as a soliil rad waste. 

Fwo ha.sic heat exchanger designs are employed as seioinlary liKitr steam gen¬ 
erators in PWR systems. 'Fhe I'ecirculating ty|H* (Figure 3*1.111), is analo¬ 

gous to a drum type boiler in a hcssil fueled system, ffavmg an iiileinal lerii- 
tulalion rale ol 3 to 4 times the steam How, the unit piovide.s meihaiiual 
.steam-water separation and coriiinuou.s blowdown. Hut it differs Irotii fossil 
fueled boilers in that there is no provision for supcMheating the steam. 

'Fhe other PWR heal exchanger design (Figure 34.20), provides oiiie-ihrough 
type steam generation. The heal exfhanger is baflled .so that iiuoming feed- 
water first Mows cfown through an outer annulus in which it is healed to .satura¬ 
tion temperature, and then it is loiiverled totally to steam and is slightly .super¬ 
heated in a single ujrward shelfsicfe pass through the Lube bundle Depending on 
load, lip to about 60®F (34'’()) superheat can be aibieved. 

Either type steam generator rer]uires maximum lorro.sioii resistance on llic 
primary side, so tube materials are comrnimly a special niikcl-iron-i hriiiiiiuin 
alloy. Carbon .steel shells are generally ii.sed, although thnse parts of the shell 
surface crmstituiing the primary nxdanl inlet and outlet plenuiiis are ilad on the 
cimlanl water side. 

For recirculating U-tube type PWR .steam generators, the all volatile treal- 
inent (AV'F) method is preferred to rcKircfinated phospliaie treatment, fn once- 
Ihrough type PWR .steam generators, of course, AVI' is automatically rec|uired. 
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I Sieom outlet 



I r.Ifni Hilli iiiU[ri«il teiilwairi pit'lu.Jlei 

In rhi- niuliai iMuliiig v^aiii iiMitm (HUR) (li^iiu M 21K hiiilin^ niiiiis in 
ilic irailiH ilsi'll 1 he saiiu watei si*t\i*s as ilie isile winking Ihiiil, ilie le- 
aiioi iiKil.iiii, aiiiJ llir iiiiikMi irailinii iiindeialni Bnl1lll^ ualei icat tens aic 
riuiipaiahh ici liiuiii iy\n hriilcis \ |i()iliiin nt ihc watci passing ihiniigli ihi 
line IS iniiMilccI in siram 1 he sicani-ualei niiMini' is then sepaiaieil, uiih the 
suain going in the liiibine and hnilci waiet icUiiinng thiniigli iiiiiilaling 
pumps In ilic inic inlel 

An impin [lint aspcti nl BW K nper.itinii is i)ir cllrit nn ihe winking Hind nf 
liiicil evpnsuic tn nutlrai ladiaiinn Some nl I he waici is ricinnipnstd inln 
liMluigiii anil nxsgen 1l is nui pnssihle in iiijcil hvdingin as in ihe l*\VK he- 
laiisc nt ihe need Ini inniiiuiinis leiiimal nl all nnn-i niideiisiblc gases ai ihc 
innilcnsci in niainiain ihc vaiuiim ircjiiiied liii tuibinc elluieius I hus, sleaiii 
piiKliiied bs a BWK leaiini ti>nl.inis IiikIi Liiiueiiiiarimis nl nwgeii, a siinng 
lailni 111 Lonnsinii 

Niiingcn enieiiiig the lyilc b\ an inleakage ni det nmpnsilinn nf nihngennus 
cninpniinds tan leail in Inim iiiliii aciil 

W 2 + 2^2 ^ IIINO, (13) 

Addilises for pll lotilinl and nxsgeii staseiigiiig, siiih as amines and li\dia- 
nnt\ are nnl usable in BWR t>iles because lhe\ aie subjeil In nuileai deimii- 
pnsilinn 1 bus, inirnsinn inntinl relies ptimanb nn ihe loiinsinn lesislani nia- 
leiials used ihinughnul the tyile 

Meiallif lonlaniinaiils in ihe c\ile walei, eilhei liimi fiindeiisei leakage nr 
finiii inirnsinn nl system iiielals, aie subjeii tn stiiiigent hniitaiiim tn avmd 
Iniinalinn nf ha/aidnus isnif>(M‘s and in asuid depnsiiiiiii nf iiud on ihc lore 
heal liansfci suilaces (arppei is s^K-iiliiallv Imiiled because nt its tendency to 
foul the nnfiies nf the cnie water disiiibutni Make-up walei is dennneiah/ed to 
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Fl9lira 34.20 PWR fini'e-thrmigh-typc- sleam (^LMierjiiii (Adaptrd 
from Stramllls Cienrratwn and t/sr, Baktirk Wdnix Ctmpany, 1972 ) 


less than 1.0 mirroniho/cni spenfii cnnduciiviiy and 10 pph (/ig/l) silica. Full 
flow ronrlen.sate deminerali/ation is then employed to maintain eyrie water 
purity at limits established by the reactni manufacturer. 'Fypical limits are: 
30 pph total metals, 2 ppb Cu, 2 ppb C\, and 0.1 mirromho/cm 25°(). Re¬ 
sultant feedwater is essentially neutral, with pH equal to 7 
Where deep bed deminerali/ers are used in BWR Loiidensate polishing, 
resins are usually sluiced to external vessels for scrubbing and regeneration. 
The regenerant wastes generally contain low-level radioactivity whiih requites 
prcKessing in the liquid radwaste system. Where non-regenerable powdered 
resin units arc used For polishing, the spent, sluiced resin must be proces.sed. 


CONDENSER COOLING WATER 

As previously discussed, the thermal efficiency of modern fossil-fueled steam 
electric plants averages about 34%. The largest part of the loss, equal to about 
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50% ut the hcdl released by ihe fuel, is lejcUed ai the cnndcnsei Nuclear- 
fuelcH plants, avera^ring about 32% efliuemy, lose even moie heat at the con¬ 
denser Heat rejected at the toiidensei is iiansleried to iiN)lin|^ watei, which 
subsequently releases ihis heat to the eiisirotimeni 

Althouf^h watei riiculatinj^ thiough the tubes ul a surface cnndensei is called 
tooling water, il is inipotlanl to lecogm/e lhai rlicie is no riKiling of the vapor 
oi condensate Ihe ciiculaiing watci simply absorbs the heat of vaporization of 
steam leaving the turbine, (onveiiing it to liquid at the same lempeiaturc For 
this reason, the term “condenser water*' is sometimes preJeiied to “cooling 
waiLi 

Ihe piiinaiv iunition of a suifaie londeiiser is to inaxiirii/e cycle efhcienry 
bv allowing steam to expand ihrongh ihc' turbine to tin lowest possible exhaust 
lemperatiiie |iist as in a boilei diiini, the lenipcrature of steam and water in 
a Lonrlensei is diitctly related to piessuie At n)2"I*, for example, the coi- 
itspniiding saturated steam piessuie is about 1 0 psia (51 7 mm Hg), this is 
also cxpiessicl as a vatuiim of about 27 KM Indies of mertuiv (705 mm Hg) At 
this vacuiiin, one pound ol sieaiii occupies 331 I lu ft, when coiidciiscri it occu¬ 
pies onlv OOlb LU il, aboiii 0 005 % of ihc' original steani volume 

\on-i ondeiisibh gases (ait, ammonia) in ihc coiidensei leduic the vacuum 
adiuvable so such gases aic niiinnuoiislv leinoved bv niedianical vatuiini 
pumps oi steam |et eductors (Figuie 34 22) 

Tin abilitv of a siidacc condcnsei tnpiovidc flu lowc^si possible backpiessiire 
bii a given load and cooling water tempeialuie is adverselv aflected bv such 
llijugs as 

1 ^^ale 1 Slde scaling and loiihng of condcnsei tube surfaces 

2 Paiiial blockage ol ciioling walei How llnougli tin lubes 

3 blade quau i enioval of non-iondeiisible gases 

I I auhv (hsliilnitinii nf exhaust steam 

Wall 1 side scaling «ind touliiig aie piobahlv the most common causes ol iiripaned 
i lindensei pei lot niarii i 

1 111 c'flect of a 1 0" Ffg use in hackpiessuic m a 500 MV\ plant is illustrated 
in ligiiie 23 \i lonstant steam rate, eleiiiual output would lx lediuecl bv 
about 13 MW, a loss of 2 5S I his 13 MW lepresenls aliinil $1 25 million in plant 
investiricni iifeclivc inndensei water iic'atnieiil is a vtiv niipoiiaiu factor in 
piLsentiiig scull losses 


Steam 

seporalorS'' 

Sleam 

generation 

intuel 

element oreo 



Recirculation 


Feed pump 


Rgure 34.21 In the BWR nucleai plant, steam is generated 
111 the same vessel that coniains the fuel elements, as shown m 
this simplihcd diagram 
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Figure 34.22 Ivso pass suildiL (.rindtiisd wiih pifixisiitn liii tiviisiii^ v%.Uli Him Itii 
bdLkwashin^ iiihcs .mil waUitMix Intel anil aftei tiirulinsLi liiips iiniinallv iitiiin tii ilii 


)fi\c basic tvpes ot cuiidenser uau*i svsLcins dit* used in iitilits slatioiis 

1 Oiice-thi oiif^h UHiliiig 

2 ( tmling lake aiul iiMiliiig puiiil sssltms 

H Spiav ponds 

4 Wet ioolinj( rower s\strins 

*) Wel'div (oriihmalion looliiiji^ lowei systems 
In once-lliiough ctKdiiii^, wralef passes once thiou^h the* loiuleiiser and iilinns 
U) Its souice at a hif;]iei teiiipeiatuic Because icsidencc' lime and tempi i aimi 
die low, scaling is usiialK not a pioblem Ihe priniip.d fouling piobleins aie 
iisualh Telated to iiiiirnbial aciivit) and silt deposition Regulailv scheduled 
chlonnalion rniitobial ruiitiol usuall) aihieses a model ate me lease in t undensei 
cleanliness loi several hoiiis Appliiation of a biodispeisant wrilli each applicatjon 
of chloiine lan miieasc^ hoiJi the magnitude <ind duratioii of this inipiovemeiil 
(Figure 24) By miicasmg the effec tivcmc'ss of ifilorine, such bioclispeisaiiLs 
also can reduce ihe dosage of chloiiiie, helping the plant iiieel disihaige 
1 egulations 

LiOirusion iiihibitois are larely leifuiied in liesh waiei onie-ihtough sysic‘ins 
But for proletlion of copper alloy lubes (eg, alumiriurn-biass) m sea waler 


500 MW GoneraMon-^Coil Flrsd 
(where unit rating permits fixed load maintenance) 

Back pressure, 
in Hg (aba) 

Gross turbine 
unit 

Heal rates 
(total) 

1 5 

7,600 Btu/kWh 

3 6x10* Btu/hr 

25 

7,600 Blu/kWh 

39X 10* Btu/hr 

(A) Rise 1 0 

200 Btu/kWh 

01 x 10 * Btu/hr 

(B) Additional fuel Btu (at 90% boiler efficiency) •= 

011 X 19* Btu/hr 

(C) Additional fuel coat (at $1 00/million Btu) - 

$1ia/hr 



S2,640/day 

Plus additional fuel cost caused by increased load on auxiliaries | 


Rguru 34.23 Ihe eiferl of turbine bark piessurr increase on plant cflicieniy 











C.F. improvement 

Treatmenr 

Highest percent 

Duration 

0.05 mg/I CI 2 residual plus 

15 mg/I biodispersant 

7.24% 

6.5 hours 

12.12 mg/I Cl, residual plus 

5 mg/I biodispersant 

2.61% 

6.0 hours 

12.40 mg/I Cl, residual alone 
no biodispersant 

0.55% 

2.0 hours 


* Short duration treatment applications with system biowdown closed off until 
chlorine residual gone. 


Figure 34.24 (Ainclenser tiilie iliMiiliness lailni impiDvemeiii iht* iisr ol a bii>> 

ilis|jriNiiiil. .Vri/r» Resftiirh Heftort Sf^iat ,Wo. June, 1^77. re. field ntaluahtm 

dfiUi nbtamed at Duane Arnold Nutleat Center of loani Eletfiie Li/f/i/ Power ComfHiny.) 

oiu.syslciiis, liiw rldsa^L's iif ternuis sulialc arc sninctinics applied 
inlcriniiicnrl) id llic iiiiidciiscr inlet water to piovide a proteetive liliii of iron 
i)\irle on I he lube internal surl.ues. 'I*he loM efieet ol the him in rerliieing 
heal lianslei inu.st Ih* halaiiLLMl a^aiiisl ihc hencht ol reduced 4 orrosioii. 

With the advent ol environinenlal ie|^idations leslrictiii^ iherinai discharges, 
some nine-thiough systems have been modified so that the cnnden.ser outlet 
walei passes over a “lielpc'i" cooling lowei or through a tempering canal with 
Moating spray modules to dissipate ht*af beloie disthaige. Since such "helper" 
aildilions lollow the condensei, rhlorinalion-dispersant treatment ol the water is 
I he same as lor c oiiveiilional oiue-thioiigh systems. 

(aioling walei may be discharged to cooling lakes, manmade^ impoundments 
Heated by flamiiiing a stteam. (.oiidensei water is recirculated through the lake, 
and heat is dissipated piimarilv by suilate evaporation. Ihe lake receives 
makeup from rainlall and nincdf liom its drainage area, (aioling laki\s make 
possible high KHiling water wilhdiaw'al ficim streams Iimi small to provide such 
looling lapaiity on a onee-thiough basis. Watei treatment practices and dis- 
ihaige limitations are generalh the .same lor these cnoling lakes as lor oiice- 
ihroiigh tooling. 

Ky contrast "tooling | 30 iids" aie defined as impoundments that do nut impede 
the flow' ol a navigable stream. I'hev are usuallv constructed along a stream 
1 10111 which iiiakcMip waler rnav be pumped to niec't evaporative losses not 
replaced by rainfall or ninoll from stiirounding drainage areas, (aioling ponds 
lontaiiied within earthen levees at le\c*l.s above the surface waler are .said to lie 
"perched." Fhe ari*a required for natural evaporation is typically on the order 
ol 1.0 to l.-'i acres (0.4-O.li ha) per megawatt ol capacity. A pond typically 
ptcivides cleleiition ol' about 5 to 15 days to produce the necessary heal dis- 
sipatinn. 

Blowdown Ircini cooling ponds is comprised orbiiituin seepage and controlled 
overflow to the source stream. Becau.se ol the large rainfall-receiving surface 
aicas, concentration ratios are typically quite low. up to alMiiii 1.5 times sinirre 
conientraiion. But even .stith low criiicentration increases may be sigiiilicant in 
terms ol reduced C^aCIOa solubilities, .so condenser tubes on pond .systems are 
innre likely to scale than they do on once-through ccKiling systems. Sulfuric 
acid may be fed In maintain pH below .saturation values (pHj.). Scale inhibitors 
and dispersants are sometimes recjiiired in conjunction with acid feed lor com¬ 
plete scale prevention. 

A significant asfiect of ccmling ponds is that they pruinute "homes" lor a variety 
ol aquatic organisms. 'Fhey often support large fish populations. Specific bio- 
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dis|)ersdms 111 Luii|uiiLtion with peiuidu fet'd fin chim me md\ be iieederi in 
keep cimdeiisei iiihes iiee ul hiolii^uil shines iiiilidU'il b\ the mic i f)i)i|;anisins nl 
the iiMid ihain suppniled b\ the piiiiil 

Sprd\ ptmds pi nmole exapoi.ition b\ met haiiiLall\ ilispeism^ walei inin 
sheets and (liupicts, dissipating heal elteLtiseU so that less pond aiea is iet|iiiied 
F\a|M)ratinn is ineihaiiitalU piniiiotetl, so it is less ilepeiidetil on iliiiialolo^iial 
Londiiions Retiif ulaling wait i lieatiiieiit iei|Uiieiiii'nts genti.ilh Loiiespond 
iiif>ie Lloselv tn iliost of evapniaiixt (wei) tonliiig loweis than to iiMilin^ poiirls 
oi lakes 

Willie laige moling ponds oi spia\ poiirls aie iinpi.n inal, (onliiig liiwiis 
are insi.illcd III 1 ediue theiinal pollution ol lei t i\mg w.iti iw.iss loionipK with 
resiiiitions mi lliniTial riisihaige, blowdown is lakiii lioni llu lowii basin, 
basing the lowest timpLiatuie ol ihe ieiii i iilaliiig s\siirii 

A.n mipmiaiit ailsaiUagt of wit tiNilmg lowiis is ilun aliilils lo siginlnanils 
itiliiie i.iss s\al(i wilhdi.issal and wastt ssalei disihaigt f I abh 11 1) 


TABLE 34 1 Water Flowi for 1000-MW Plant Cooling Syelem 
[Beood on 20T (11X) temporaturo riae] 


( iiiifli use 1 flow 

giini 

OiUL ihitmgli 

1 Oflllllg S\ sit 111 

1IH» 000 

Well iniIiiil; ii»v\ 1 1 

1 ( LiiL iilaiin^ sx Ml 111 

too 000 

IvaporaliM (iiiit lalio 

1 - 

'l 4 

Maki 0]) wall i 

Upin 

too 000 

10 000 

i)lsdl«ltgL W.lltl 

gjini 

too 000 

2 OOO 


Beiaiist dnfi (i iiiiaininent ol hue niisi) lioin a looling lowii is pan of 
blowdossti, ibi iiel rlisib.iigi lo rhr leieisnig slieain in this ixaniph would hi 
abniil 10 lo ‘200 gpm less tlKiii Ibt 2000 gpm sfiown 

Wiih iliL I oiisti.mils Ilf iiisiioiiniiiiial liiiiil.itioiis on i oin enli.ilions ol i lilinnu 
and Ollier iluinuals dial mas Ik dischaigi'd iii blowdown roolmg lowti it in 
Liilaling s\ait I iiealinenl piaitiiis loi siieani-eleitin plants an genii.ills as 
desiiilM'd tlsesxbeie m lliis ic vl loi iniliisiiial pl.nils 

With die mneased planning foi inaxiimiiii want i onseisatioii inallniil 
plains mas suhsiiriiii loolingiowd blnwdown Ini i.iw wati i lot ash slnuing 
Some sluKt walei is esapoi.ilerl bs ihc Inal ol boltom ash .iinl a siii.dl aiiifiiini 
IS relainerl In llu ash so thi final solnmi ol ssasii waiti Im disposal is fuidiei 
I ediued 

/no disihaigc id lowti blowdossii mas lie impiailiLal and nmuiessais 
environmentally in niosi pails of tht muiiiis. bin siialegies fni appioaihing 
tins goal base been dt vised lot and regions vsheie arleipiale land is asailabli 
In such lases, lowei filosxdosxn mas be routed lo oii-site solai esa|>oiaiuin 
ponds 

\ at ions pi IK esses lot sidi siieam ireatinentol cooling svalei and loi blowdown 
Ioiuentration irdiiie disibarge snluiiie and lequired es iporaiinii |K>nd anas 
One such inniepliial svsiem is illiistialed in figiiie 2% Although side siieain 
processing tan contiul c onLenliatioiis id pnteniialh stale foiming ions, high 
salimls 111 ihc. leniculaciiig walei is i haiaiieiistii of these lieainient schemes 1 hi 
clletls ol high dissohed solids in itMiling lowei dull and on sunoimdnig 
vegelalioii and strut lutes inusi 1 h* lonsiilcied Also, die signilic anils giealei 
icnpaiL of londeiiser leaks on the cheniistts ol the hoilei walei isile must he 
provided fni 

Moisture “plumes" emanate fiom moling lowei stacks like iluutls iiiidet mans 
weathei conditions, literallv dominalmg the atmospheie in the mimediaie 






Flgurs 34.25 Sini|i]ifii*fl silumatR ol |>iihi*s\ id itHi>\n innling ^atei b) 
sirlf siiram liiMiinrnl aiiH rlrsalmalinn tr» \iclrl riiilv a f laii uniralnl biirit. 


viiiiiiu Oiir iiiraiis (if eliiniiialiiii< pluinrs is in usr iiciii’Ln.ipoialive cli\ cnolirifr 
inwi'is 111 cli\ (lulling UmcMs (ll^ulc heal is liaiislerifd fioin the 

!milc iilalinf* walei Id tlir an hv lonveiliDii lalhci lhan b\ evapniaLion 

Siine tin iodIiii^ inwei pei ftn inaiue is i (iiilioiled h\ anihient an dn hull) 
leiiipi 1 alLii (, lalhti lhan hv lowei wei hiilh leiiipei aim es, ruihine baikpiessines 
ai( hif'liei hii tin inuei svsteins than liii wel Iduims, so cvcIc elfiiuiuus ai( 
pool ei 

Blit (niiihiiiaiifins of uel and div itiolin^ iimeis nia\ Im? used Id advantage 
(1 i|;iiie H 27 ) tDallevuile phinu' piiibleiiis Rilh ininiinutn loss ol cvde efliiieinv 
\iirl, siiiie div loweis haiirlli' then pail of the heal Inati wilhoul evapDialiDii, 
DM lall iiiakeii|) .iiid blow flow ii viiliiiiies aie less loi wet-dr\ iodIiii^ (nuei loiu- 
hinaiiDiis Svsienis mav lit' set up with llu leiiii ulaliu^ walei flowing either in 
sines Di p.iiallel thiDii^h die wet anti iln loweis l)esi|[rtis usualh piovidt lor a 
means cd tolalh oi p.iiiiallv hv passing eiihei an (low di i ecu lulaLin^ walci 
flow sileiiiveh aiDunil eilhei llu wet ni dn tower, as niav be ie(|uned Id opii- 
riii/i plain elliiieiin lot vanin^ plume ahaiement and walei ldusci vatioii 
ier|iineiiieiiis bi^uie 28 diagrams a svsiein with piovision loi waiu l)V))ass 
lif^uie J 1 2 d ilhisli.iles an iiileiiial wet-cooling lowei unit with pinvision tor 
ad)usiiiig the balaiH e dI an (lows ihi oiigh the wet anil ihv sei lions Ret ii iLilaliiig 


Uperolmg conefenser pressure, 
m of Hq obs-- ^ 



IWilh 100"F design air lemperolurp) 

Figure 34.26 Div ciKding inweis tan he used in waiei-shiiii anas, bin useis usualh pa> a 
penalty 111 eneigv loss wline an leinpeialines air liigli (from PnwnSpftin!Riifort, 'TtnUnig 
Mfifth 1971 ) 
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Figure 34.29 liileKial hi i/Hm iiMilm]i; Iiihi i Hiih [iain|Mi innirul (1)1 s— riiift 
( liiiiiiialiiis) itrom Htisfww / / and (h^atd / /) ( mdvifr Iaytet ^ and the Lnviron 
mint —i7i Dim7fIf of thi 4mniian Pnwtr ( otifninif, vol 1^74) 


(iiirl li)i II 11(1111 lube ml ciNilmg ieijiiiieinciils In nuilear plariLs, dust'd ircii- 
f ulalin^ iiMiliiijir Haiti s>stems art imiiiiiimlv used tii handle lieat loads liom the 
reaitcii vessel shielding, piimaiv (rNilaiil puinp sial hr>usiii||rs. .md otliei heal 
loads \tJihin the leacloi builrhiu; 

MISCELLANEOUS WATER USES 

Anoihei majoi naiei use in loal-fired power plants, and to a lesser extent in 
oil-fiied plants, is foi ash tiaiispoil ihe solids that fall to the bottom of the 
boilei luiiiate (bottoni ash) aie invdiiabl> tiMiled and ionve>ed fioin the boilei 
by walei 1 he solid piodutts of lonibusUon (Hy ash) in the Hue ^as that do not 
deposit in the btiilei lonveitiim passes oi an heatei. aie subsef|ueiill) lemoved 
by eleitiostatiL preripitators, bag filtcis and wet siiubbeis PI) ash attumula- 
lions ate lernoved fiiim these devucs eithei b) water ot b\ mechaniial or 
pneumatic means 

The. i|uantity of watei lequiied fcii ash sluiiiiig vanes with design fattois 
suih as method of bring and nature of the loal Poi a typical 1,000 MW Loal- 
hred plant, it amounts to about 10 mgd (2b 2 ni^/min) 

Poi molten slag tap oi ‘wet bottom” Ixnler, wheie watei is used to quench 



34*2B The NALCO Wetir Handbook 



Figure 34.30 Ihi sljs|m iision Iniii^ nl i imI piinliH t s sLi^ m i \ iiit i\ nl Im ms im lucimir 
llust niUTDspliLH s whii li final Id ihi siiilai i ul ui I iLsIm nlli ttmii pniiils |1 i ll) KaiiclDiii 
spill 11 s (Ki^lii) 111 Dkt II shi 11 


mollt 11 ash hial pii k iipc.in lit in llu laii^i iil 10 ' hlii pi i inn nl hnliinn isli 
Suspi luicil sniuls in liullnni .ish viaiii an iil inriiiin il llu\ an iliHiiiili hi 
St nil ( riaj^ul nils mas In luiihil id tiiliui suptniiMiii liiihicliu DissnUul 
solirls I nnti iliutiDii Id llu sliim uitii hniii llu isli is u l.iiist K sin ill 

(Dtitirisi fh ish is imii 11 iiiDM liaihahli <in(l nun iniiiiihiiu nil llu nnUi 
nf )0 0)1) In^ I clissnlsifl sniuls to iis liaiispoil ualii 1 l\ asli nfliii ifiMliiiis 
IidIIdw niKinsphtris fl iiiiiit fl fO) uliiiliaiL fliilii nil toscpnili linriislniu 
uaiii h\ sirliiiunlatiDii So tin ii.inspoir s\sums in niun usiil iDliiridlt n 
In Dll find plains .ish is prniJiuifl in loiiipai itnih srii ill ipiintiiifs Hnlioin 
ash niiunal finiii iht IidiIm In hit suit w isliiii^ .ind sllJlull^ iiiav hi lutiUd 
null DU isiiinalh f )il ash ^iriirallv dm s iini stirli in pnnils as uill is ■ n il isli 
Whilt ash pond Dvt I finiv uaiiishavi ni.niv of rlu saint i Jiai.it It iistii s as in i nal 
tinrl plains liij^h iniin niiaiioiis ni vaii.tdiiim ina\ In pusiiii riM;»iiiatiMi> as an 
ash (Diisiiiiiiiii III s.iiiu liul Dlls Ihiiiiiiii ash in soim ml hurl plains is miiimmiI 
In (h\ iitlltiiion I iilui ihaii In nalti sliiiuni; 

When iliLii IS a 111 11 k( I (ill ihi hoiiinii ,isli in nliiii iiisiilhi ii iii land is a\ ill 
ahh hn satllll^ dusaiiiii^ hms laii Ik iisiiI mil dii di niii ml ash iiiii kill 
■nsas Wall! diaina)>i lnnii diisaliiiiiji( Inns m ilii snpi inal int liinii isli iniiids 
laii hi III wild ID till sliiiu piiiiips Makinpiosnili iiimIi s>sitiiis is ii iiiiiud 
(ill Mp/aiiititiil rd ivapni iiiu li.ssis and iinnsiin lliai kasisuiili llu dm iiiiid 
ash Hi I nisi nl ihi pinn h(|in(ls/s„|ids sipai.ilinii nl ihi Iniinani (h ash 

Ihrsnm ilV'Ii' ash IS slim id In 

thi sann cit-ssaiiiin;;; pnitil as hniinin ash 

liamDmi'u..''!‘T‘‘‘"''‘i »' 'Ik iHaliiuiii ash 

"*..du.. suspindidsnlidsinampiahli hsiMm iumI, n. 

UDr(lTV."'''r "'-'I K.II.I isalsnusid in .mI siiiihhir 

Dlfm ns,^‘? 'I'lKUu.uaiinn (|(.I), sssu.ns NJnsi K.D svs.uns m I S pniui 
smh n . >" "Inih ih. I.aun. inmpnnini ih. 

. '.aid ri.hsl.!7''‘'V‘I^ 7 »> 'ht /111. fiasis 

pmim, .,r,s n 1” 11 ‘" •"liiiiion in ih. .aliii.m 

Em..rirm n "I P**”''” ".'I. I hn... ih. 

huuksaiid hki fh '"** |t(\.lrd In ih( pinicss 1 hi |M>ndid sliiilf>( i.lams a 
'(uuksand-liki ihara.ii. l.m.i.nK anv (.Uu.i us. nl thi ,>nnd land a.ia Makiup 
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WiiUM iLM|iiiirm(fils l»i siiih s^sli-nis in<i\ lie in ihc ran^r ni 0 T'i to ] 0 |;r|jni/MW 
111 f<riui<ilinn laLe 

\ smaller numbci nl iinn tcru tabli fCil) svsitnis an of rht diiuble- 
alkali l\pL In ihis |niiuss lliu |ias is sirubbtil with a sdlutiiin iif sndiuin 
huliiJVuiL in Ini 111 sndiuin sulliu and siidiuni bisulliU J hi si i iibbini; siilurinn 
IS ihin iiadLil wilh linu pi i upiiatint; sluiliits siniilai In ihnst uiih limt as the 
piiinais siiiIhiU itstntin^ ihi smlnini hvdioxidi Ini iiust in ihi pimess 
\lihi>uf;h lIu .d)siiibini> im diinn is thus u^uiiiaiid this pinuss is siill 
lali (■Dii/ul as nun t(k>MUi.iblt buaiist ihi siillui sciiibbcil linin ilu flui ^as 
IS mil iiinxi 1 1 fl 

Sliam L J( I nil pnwci pltiiils an sub|(il in lidiial siau .mil Inial waiti 
pnlliilinii uiMlirjl 11 f^iilaliniis Whin ihisi uf;ul.iiiii\ biidli rliHi i nil spciifu 
limil.iliiins Ini .1 pnlliit.mi iht iiinii sltiii^iiil n L>ul.iiinns )Jt iii iall\ appl\ 

Snim stall iiid Ini.il it i;iil.iiiniis Imiil iiiiain pnlliiiaiiis iint limiltil b\ It dual 
i;uidi JiiH s 





Sruiice 


]*i iiiLipal i luUamiii.iiiis 


Ash sliiiiiiiK s\siL'iii 
lam-\riliiiiu' wasU's* 

Mcial ilrainn^ wasir*^ 

BoiU ‘1 hlimiiimn 
Main (nncicnseis, oni tMhi niigh 
Mam tiiiult'iist IS, it-Litiulaiiii^i-uali i 
hliiwdimn 
Arra i inn ill' 

Iniakr isalrr iiaxclin^ si i mis anil 
siiainris 

** I SS- lolal siis|it'nilL'il siilicls 
^ IDS- liital (lissiilxrd siiluls 
* I nii\ \ Illume \\.isit.s -i iilk l livi lx me lulling xi.isles linm mn i vt li.ingi sxnIi ms it gi iii ia 
tion, ev.i|Miiaii>i Ixlnvxilnxvii lUii gaswii siiiiIiImms Mimii iliainage milling hixxei hasin 
ilraiiing, hlimchmii linm leuiiiilaiiiig hnusi siixiii x^.iii i sxsieins 

^ Mii.il ill ailing xsasUs iiiilinliiig xsaii iIxiiin xsasiis Imm IhhIi i iuIk (iL.iiiing liiiili i 
hiesiik fit'ainng an |nehtaiii ihainiig 

' \na lunulf iiuliicling lainlall luinill hiiin stniagi ul uial .isli anil iiilu i inaliihils 


ISS,' I DS.^ hcMi, ml 
I SS. I l)S, pH. ml 
ISS. I ns, pll, non, mp|M'‘i, iiihei 
melals, ml 

ISS, IImi luppei. ml 
Ileal irsiiliial i him me 
Resirliial Lliluiiiit, /ii. (i I* anrl mini 
I III I iisiiin mlnhiliii s 
ISS. IDS, pll ml 
Sfiliils (rh'liiis) 


A si^iiihc .1111 featiiM ol p<illulii>ri loiiiinl ii gul.iiniiis Im su am rltiiin plains 
IS llial spc'tihc (iisihai^r liniilaliiHis irlair lo iiuliviilual piiNrssis anil siiiiiits 
vsilhin ihL plain lailiri than in tin (omhiin'Ll ilisdiaigt I hus, im luiliis an mi 
finm (onibiiiirig iir rliliiiin|* mu in-planluasti sin am uilh ainilhi*i Fur exaiiipli 
ihc* liiial weight clisihaigt pei d.ix nl iinn originaliiig in IniiIi i lilnwrltiwn ma\ 
run extcrrl ihe aitual daily Mnw ui huilri Now down liinrs iht pri missihle 
1 mueiilialiiin liiiiil ul nun 

A siriiplihrd tahulaiiiiii ul sieaiii-ileclin plain wasiew.iii'is anil iheii imi- 
lammanl rhaiailerisliis, h> souice laicgoiies. is shuwii iii I .ihh 2 

PiiiKiples of watei icivilr, leiise anil (*Hliic*in iie.iimriil loi siiMin rleiii ii 
plants aie genc*rall> the same as Ini nihei pun ess inilusiiies Figuie 14 11 
illusliates one rcMisi* and eflliienl trealiiienl si heme fui a lual lired plant In 
this illustialion, Imiium ash lians|Niii waiei is leiulerl Ih ash is sepaiaieh 
handled in a di> s\siem 

For inulear puwei plains, a ptiiuiple ol special impoiiaiue is ihe segiegalion 
tif dissirnilai wastes High puiitv (low c iindiuiivilv) waslew.ileis are kepi sepal ale 
liom low purity (highei conducliviiv) waters in laiiliiate ieilainaliori anil recycle 
of rhe high puiny waleis C.hcmical wastes, inchiding ion exchange legeneratiis 
and chemical cleaning wasies, should he sc*giegated liuin deleigeiit wastes 
because ol their difleiing re(|iiireinents loi linal ireaimern iK-loie disihaige oi 
reuse 
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Chapter 35 

Municipal Water 


(^iMTiinuiiities flitter widely in clianictei hiiiI size, but nil liiise the cDintnnn con- 
leriLs ol fiiidinf>, treating and flisiribiiiin^ uaier lot indiisirial, coiiinierrial, and 
lesideiuial use. Residential uses iiiLlude wa.shiiif^, tiriiisportin^ wastes, flrinkiiig, 
Ifioil preparatinii, waleriii^ las\ns and f^ardens. Iieaiirif^ and Lonliii^, and hie 
proleriioii. It is csliinated that piiblir waiei utilities in rlie Llriitcd States deliver 
fiver MO billion ol w.itei rlail\ (bgd) (79 x lO'"’ mViiiin) with approximately 

19 b^d (fiO X 10''* m'Vinin) bcirif^ used I'oi residential purposes. Household use is 
about 100 I'allons |3cr da) (O.MH in^/d) per person, ol which less than one percent 
is toiisutiled, )ct the water fpiality e.stahlished b) [Mitable standards is imposed 
on the entire supply. 

Water has been treated for thousands ol' years by a variety ol pniccsses, 
thouf^h procedures that prciduie sale potable water were not developed until the 
]9lh century. This resulted from serious cpideniics of diseases related to .sewage- 
contaminated water. It was discovered that chlorine was effective as a disinfec¬ 
tant in destroying pathogenic (disease causing) organisms. Maintaining a chlo¬ 
rine residual in the distribution .sy.stcm produced a safe water and protected 
against harmliil toiitaminatiiin. Many countries u.se rhloriiiation today: others 
use ozone as a disinfecting agent. 

(Chlorine and other disinfectants can react with trace organics found in many 
water .soun es; their by-products may be objectionable in taste or odor, and some 
may be harmful. Physiological efl'ens ot potentially harmful substances are con¬ 
tinually scrutinized by the Federal (vovcrnineiit under authority of the Ibxic 
Substances Art. 

Because water is so basic to life, public interest in governing water quality has 
been strong. This has created a demand for modern treatment plants, trained 
operators, and careful surveillance of chemical treatment and water quality. 

Consumption of water per capita ranges from approximately 100 gallons/day 
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(0.3B m‘*/d) 111 vciy siiiiill inunitipalilics, to dbouL 200 f^allons/dav (0 7b m'^/d) iii 
Idigcr s\su-Tiis hdviTi|r ^rtratL'i industrial and LnnimL'‘rLial demand Watei use 
primalily depends mi ihc availabilits of ivaiei resouiies, ilimatiL and seasonal 
sanalimis, and the lost of the finished water Where walei is scarce, it is used 
only foi essential pui|ioses Wheie lost is a pioiiijiieril fail or, il primarily ie- 
stnets non-cssenual uses ol watei, such as lawn wateiing, since essential uses will 
Imt served Ie^alclU'ss oi i osl 

0\ei the seats, water (|iialit\ siandaids have beiome mote sliiiifreni due to 
publiL demand and contern fni the efleits ol spetifii Lonlammants In addition 
to health-related aspens ol coniammants there .iie also ionsidefaiions ol pal- 

atabililv 

Prior to lO?"), the 1002 I'liileil Stales Piiblii ffcalih Seixiie Siandaids weie 
the i]ualits ciiteiia lor the pioductioii ol potable v\atei Duiiiif; 1075, the I iiiled 
Stales Fiivnonniental Protedion Ageniv was in.indaterl lomstiiuiea new svstern 
of qualits le^ulaiions b\ the Sale Dimkm^ Water \ii (Piililii 1 .iw M3 52 M 1 he 
Intelim piimai\ (Liiioiieablt) siandaids were iheii piomiil^aled to liicoitic 
effective in Juh 1M77 \ddiliniial ie){iilalions iiia\ lie anlii qiaic il il nalional test 
mg piogiams detect haimful iontamm.iiits foi whiih icgulation is iicccss.irv 
( uricMii staiulatds arc listed in fables 35 l( \) and (B) wliiih nullifies ilu limits 
recommended b\ the V\orld Mcalrh Oigaiii/.ition 


TABLE 351A U.5 Drinking Witar Stendardt 


( llllSlltlll III 

Mkvl hrn/riii snlliin lU ( \BS) 

\iscnii (As) 

Baiiiiin (Ba) 

C ailiniiini (( il) - 

( arhon ihloniloi in cstiaii (( t f) 

( hloiiilc 

( hriimiiiiii (lot il) (( 1 1 

( Opp^l (( LI) 

t sanicli (( \) 

Mucindt (I) 

Iron (Ft) 

1 eaci (I'b) 

Mangaiusi (Mii) 

NiiiaiL (\0|) 

Phenols 
SeleiiiLini (Si ) 

Sil\ t r (Ag) 

Sulfate (SOt) 

Total dissohifl solids (11)S) 

Zinc (/n) 

Mcrcurv (llg) 

lurhulilv (\ipheloiiiLliiL pi rn trim t) 


Radiriaituilv (nalural) 
Radioar li\it> (manniadc) 


Kti oniniLiiclLd 
liiiiii ing/l 


I Lrli I il in iiul Hill \ 
linni nii>/l 


I) 5 
1) 01 


0 2 
250 


1 0 
0 01 
0 II 0 
0 i 

0 O'"! 
15 

0 001 


250 

500 


0 O ) 

1 0 
0 01 

0 05 

1 I 2 11* 

0 05 

15 

0 01 
0 05 


0 002 

I Nil— iiioiiilih avi lagi 
5 NM —aviiagi of iwo 
fonsiiiilivi dfj\s 
(5 \ I I —inniiihh aviiagi 
iiiav appiv al stale npiioii) 


(■loss Alpfirl 

(>i OSS Be la 
liitiiim 
StioiiiiLim MO 


I 5 p( i/l 
50 p( i/l 
20,000 p( i/l 
H p( i/l 


* l>e|R-iirling upon ainhic nl an ic-mpeiatiiic 
t De^Mrmliiig upon tempeiatiii e 
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TABLE 3S.1B World Heolth OrgoiHiotlon Drinking Wilor Btondnrdi 



1950 niieinaiional 

lObl till 

opeati 


Pei missible 

l-xiussivi 

Maximum 

Kei ummeridecl 

liileiance 

laiiisiiiueiil, mg/I 

liinii 

lirnil 

limit 

liniil 

Jimii 

Ainnionia 

_ 

— 

_ 

0 5 

_ 

Arsenn 

— 

— 

0 2 

- 

0 2 

( tlllllllUlll 

— 


— 

— 

0 05 

( allIUI 1 I 

75 

200 

— 

— 

_ 

C lilinidf 

200 

bIH) 

— 

S 50 

— 

( 111 iirniuni i f b) 

— 

— 

0 05 

— 

0 05 

( oppt 1 

1 0 

1 5 


0 05 + 

— 

1 vaniili 

I llllMIfll 
li oil 

0 1 

1 r) 

0 01 

1 j 

0 1 

0 01 

1 1 ad 

Magiii Slum 

50 

150 

0 1 

1251 

0 1 

Maiigaiu'SL 

0 1 

0 5 


1 ) 1 

— 

\llT Ilf 

— 

— 

— 

50 

— 

l)s\ grii 

- 

— 

— 

5 0 

— 

Pill unis 

0 0111 

0 OIPJ 


0 001 

— 

Si li 1 II 1 II 11 

— 


0 05 

— 

0 05 

Sull 111 

JOO 

100 

— 

250 

— 

1 iital solids 

lOO 

1500 


— 

— 

/lllL 

5 0 

15 0 


5 1 ) 

— 


M i\ 1 m liifiliL I fill iif \4 piping 

II ill! 111^ I SO, m piLsdii Mt; mil iii ixct^iil mj;«/l 


111 (iflililinn u> llii‘ Piiinan (I'lilnuiahle) u*L>iilatii)n>«, thciL air Seci>nflai\ 
(clLsiiahk) ^oals wlnih an ui srixc as i)h)r( lives l<n llie iiuliisliv 1 iiial icguLa- 
1 UH 1 S 111 4il)|cui\es niav he even iiioii simif^cni as ileuiinineii h\ the indivirlual 
i nitiiuuiiilies 


RAW WATER CHARACTERISTICS 

K.iiv u.iiLi 1 h.iiaiterisliis vaiv ividrlv, llie itia|ni [lilleieiues hein^ helueeii sui 
tail and jirinund haul aiiil soli vvaiei, and uvii walei tonipaieil lo lesei 

Mill walei 1 lu'se diHeienies preseni vatviii^ needs Im al^ae iiinlinl, tutbidilv 
leinoval. s^llenlll^ walei st.ihili/aiion, and ilisinJeiiiiiii Mi^hlv polluted vvateis 
have adrhliiinal 11 f|iiiieiiients lii leiinne oigaiiKs C eilain waleis have iiiidesn- 
able 111111 ganii iniistituenis as well 

(>Lneiall\, walei supplies vmiIiiii a debned geolo^iial region aic siniilai 1 heie 
lias been a iieiiil lo suilaie walei iH'iaiise ol its availabililv and lii inininii/e the 
iisks cil eaith subsideiue rliie lo muonltoiled gioinid watei withdiawal 

A law walei with a loiislaiii low luibidii> liasiiiiitL iieatmeiil npliinis ihan one 
of high III vaiiable luibidil> I he pieseiue of toloi in manv low alkalinil\ waters 
ui|uiies spenal Iieatmeiil i onsideiation (aniosion lonliol will biuoine moie 
inipoiianl as walei qualiiv is muiiitoied lo meei die seioiidan staiidaids in the 
Sale Dunking Watei Ao 

In some lascs, die ieiiiiiieinenis of die Sale Dunking Walei Ail will netessi- 
lale a ihaiigr to a iiioie aireptable water soune 1 he implemenlation of the Sale 
Dunking Walei Atl will also lesiill in die lonsohdation of mdn> small water 
suppliers inlo laigei legiunal svsleiiis to lake advantage of die economy ol stale 
I his will also allow lor ihe lunding ol mine sophistiiaied monitoiiiig and iicat- 
meni requireirienis 
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TYPICAL TREATMENT SCHEMES 

Iht l\pL of iTCtUniint pi dim eel ai a ^ivin miiTiuip.iliiv dipt nils lai^ch on Iht 
rau ualci t luiiiiili iistus Wlui(.\ii possihli waiii usoiiriisdK airpiiit-d anil 
niaiiitaiiiid m iiqiiiiL a TiiitiJiiiiiin amiHiiii til ti ratlin lit, iheieliv leilucitifr tht 
lapitdl anil fi|Uialiii)r insls to iht iiuinicipalitv In lahle Vi 2 ait shown ihr 
11)111111011 iinpuiitus loLiinl in law walin sii])[)Iils anil txain|)ks ol ilit |;riirial 
i>pis 1)1 lilatinriits that ran hi rinploviri Whiih tiialniiiil is iiptiiiuiiii dcpeinls 
Dll loial Lijiicljiions anil tin kxtl oi iiii])util\ 

\ snnpk sinninaiN ol vannus jnintssts iisitl Ini titalin^ inuniiipal walci is 
shown 111 Fi^un l*i 1 lai tin lai^LSi luiinhii ol inuniiipahliis siin]>h usl ihL 
siluiin shown h\ How paih \o 1 with wain he taki n lioin a wlII stLiili/Lil 
h\ (iikniiiaiiDn anil puinpi i 1 ihiutU to fhi chsli ihuiinn s\slrni Most s\ stuns 
liki ihis an sin ill and oliin opiiaii with niiK jiail tinit sin\r illaiir t Vaih stall 
IS iispoiisihk hii j(\uwin^ llu ipi ilil\ ol ilu v\ lUi both chtinualh and bat 
(iiinln^ir ill\ In sniin lasrs with ihis st lu nil ailuniiial siuli is pnivphosphau 
in i\ bi ipplufllni liii il SI ibili/aiion In niiniini/t iiilui siak oi tonnsion II ihi 
w.iki IS unik sii ibli hii hoiisLlinlrl usl ihi iiirliMtlual hniniowiu i ihinhasihf 
I(spDiisibilm d 1 nit (Lin|> his own iiiidsbv nisi illiiur | /(rtliri w iin suiiLiui oi 
111 u in lU d i ai lion lilu i 

11 k stiniid llnw [i.ilh shows nnl\ llu idchlioii nl i likiniiE’ s\sLnn In sonic 
oirl plitiis llu slow siiul lilui IS soil used ioi lliis pinposi Ihi lapid sand lillii 
IS now molt Loiinnonh usi d Hi i ansi the said filui is limited in iis abiliti lo 
h niilh sns|H ndi d solids this s\s|i in is iisnalh appliidf)nl\ lo impouiiikri walLis 
111 r\i( 11 iiii (jii ililx while post chloiinalir)!! lan assun .i sak potable wain J hi 
lilin mis ilsi) lu nisi ilk d to tliiih sh illow will w itn wluit siispnnkd non 
iiia\ hi in oitasion.il piobkin lluii ni iisks in this kind ol sxsinii howiMi 
In I last lilt liltn docsnoinoii thiiiinnoM suspt nrkd soluls whithaic stidoin 
llu onh piobkm with i i iw w in i siipph 

llu ihnd How pilh shows llu atlililion ol an analoi piioi lo llu hlln h>i 


© 

© 
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Legend A-Aeralor, F-Filler FM-Fosfmit SM-Slourmiji SED-Sedimenlation 
basin, Z-Zeolite, Cl-Chlonnotion 

Figure 35.1 Snnplilic d schuiiaiii i»l iiiimiiipal wjiii liL.iliiiLiir Mowshctis 











reinov'dl of'tastes and odors and for oxidation of'iron. L'siially this is f ollowed by 
lime for pH iiirrease to abtiiit H.0-8.5, and a flocculant, since the iron precipi¬ 
tate is usually colloidal. 

In modern practice, the minimum equipment is usually considered to l^e that 
shown by flow path No. 4, and this is usually coiihned to impounded waters 
where there will be consistently low suspended solids depending on the seasonal 
presence of algae and where final disinfection can assure a safe tiiiisheil water 
for the municipality. 

In handling surface waters that contain signilicaril suspended solids, the fast 
mix devices of flow path No. 4 are followed by a slow mix flocciilatcn and a sedi¬ 
mentation basin in flow path No. 5, providing the detention for settling nJ most 
of the flocculated solids so that the load on the filtei' is measurahly reduced. The 
deteiitiori can also provide fr)r disinfection of raw water, with chlorine being 
added w^ith or ahead of the coagidation chemicals to relieve the final clilorine 
demand. The prechlorination step may also improve fl[)cculal.inii liy desiroying 
some organic contaminants. I'his also keeps the settled solids fioni beiiiniing 
septic and rising to the surface as gas forms. 

In some cases where the water is already clear, the majoi prohlrin may he 
caused by calcium and magnesium. In flow path No. this water is softtMierl 
through /eoliie softeners. Some of the water is In passed so that the effluent may 
have a hardness conirolleil at 100-1.^(1 ifle td niiiniiipal /.eoliie 

softening is more than paid lor by the savings tri the individual homeowner in 
areas where the water is so hard that most ol the homes woulrl be pi iivided with 
individual zeolite units. A side benefit is reducerl rlischarge of regenerant brine 
by the more cllicieiil municipal plant. 

‘J'he final flow pattern No. 7 includes not only clarilicaiion of the surlaLe 
water, but also final softening by passing a portion ol the ellliienl thrtfugh a 
zeolite unit. In this scheme, the sediineiiiaiion tank may [jrovide for lime soflen- 
ifig as w'cll as clariheation, to reduce the load on the zeolite unit. 

'Fhere are various other combiiialinns of indiviiliial treatriieiit pmresses in¬ 
corporated into an overall treaLiiienl srlieiiie, bin the principles are generally 
little rlilferent from those illustrated. 

.Several municipal water ireatnieiil schemes are de.sctihefl below, with a tabula¬ 
tion of water quality and a line diagram of each system. 

Case History—^Topeka, Kansas (Figure 35.2) 

The Topeka whaler department has dernoiistraied the value of contiiiuing re¬ 
search in improving water treatment results. Lengthy invesligutions on the bench 
and in the plant have produced significant changes in the process for treating 
the Kansa.s River water. 

The Kansas River, though largely impouiidefl, experiences signilicani varia¬ 
tions ill silt content. This previoitsly caused plant upsets and large variations in 
chemical consumption for clarification, .softening, and precipitation. After 
studying various approaches to reducing high raw water turbidities, the I'opeka 
water deparlnient in.stalled a large prcsedimenlaiion basin. This basin utilizes a 
cationic polymer coagulant to remove the incoming sill, allowing its return to the 
river in a natural state. The significance of this pretreatmeni shows in reduced 
chemical usage and sludge production (Figure A reduction in the non- 

carbonate hardness will reduce soda ash requirements correspondingly. 4'able 
35.3 shows raw and finished water analyses. 

Case Hlalory—Park Foreat, llllnola (Rgura 35.4) 

The village of Park Forest, Illinois, produces potable water in a plant utilizing 
precipitation .softening in conjunction with zeolite softening to give a stable, 
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PresedimentotiDn basin 



f disposol 


Figure 35.2 K.iiisjs pmr t s>« llimslu 


niodtiLirt Iv snll w.iler In llit* picMiss. haul miW walLi is Jiisi arvaterl In iliivif ntf 
rlissnhi’tl C C)^ anrl itrluir hint* ilciiianrl \s iHl' uaiei llims lun sliuifrr blanket 
siirmiLis, liiiii and liijuid sndiuin aluiiiiiiate aic added liit sidtriniifr and ilaiih- 
caLinn 1 he snluniid \saUi, unsUibh at this pniiit is iLHaihonateil ^ith C C)j 
Phnsphaie is also addi d to stabili/t tlu tsaiei and pie\eiil stale fniniatioii in die 
s>sleiii I nllnwmg lapid sand lillialioii, a poiuon ol the ssalri is sollened fuithei 
b\ sodiiiin /enlili I he tvio waut sticanis aii dun bkniled In j*i\e tht desiied 
finished water ihaiatteiistiis (lable 1) ( hlniiiiL and Hiimiile aie added 
Inlnie llIte 1 lll^ the disliiluilion sssteni Relaiuilv simple Lontitd is possible with 
ihis svstein due to the unilni mils ol the well watei supph with le^ard to both 
imneial conieiii anil tLinpLialiiit 

Case Hlalory—Daytona Beach, Florida (Figure 35.5) 

I ht Da^ioiia Btach waUi plant uses linu solteiniig to lieal a frinund watci 
supph fill potable use 1 nut and thliiiiiit an applied to du law watei along 
VMtli a I nniiollerl leluin ol hllti h.itkwash walti 1 he baikwash waiei helps seed 
die solieiiing pi mess \ high nioletiilai weight aiiionu flmtiilanl is used to 


Figure 35.3 ( him iiiL diisagi as 

■nfluinitd h\ luthidiis and pit 

iit.iiiiuni piiigi.iiii 
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TABLE 35.3 Typical Water Characlarlalica—Topaha. Kanaaa 


Oii^^iiidl puxL'ss* I'lrKrni |ji(hi'ss 


Kivei tijibif1ii> (J 1 1 ) 

11)0 

hn5 

1020 

2000 

too 

h05 

1020 

2000 

Kivei 1 fiU»r, Al*!! \ 

1 

5 

li 

to 

1 


h 

10 

PolvnuM, Tiig/1 





1 

\ 

2 

4 

Ficseriimeniatimi liii bidiiv 

Iht) 

^70 

520 

1)00 

15 

1 1 

^U 

40 

Piiniarv alum nig^l 

15 

27 

27 





S 

Attivjled siliia, mg/I 

2 

2 

2 

2 




2 

Isl sell tiirbidm 

‘t 


10 

20 

1 

1 

2 

2 

1 St stcl i iilcir 

2 

H 

\ 

5 

1 

I 

1 

1 

Pieililinme mg 1 

7 h 

1 1 4 

10 H 

21 0 

5 1 

5 4 

1) 0 

7 2 

Posi-i bliiniie ing/l 
llaidnrski 

1 

2 H 

2 ti 

2 t) 

1 -4 

1 f) 

1 4 

1 2 

Raw water, itig/1 



120 




120 


himslird uaLei iiig 1 



15h 




1 IH 


* SiLp-wise aililitioiis in 

die plant inaile ii pnssibk ti> 

ioin|>.ni 

ihtst I 

|11 111 l SSI s 

unili 1 


icU'niiial iiiln iniulitiniis 


iiiipiii\L* selllin^ 1 his ini'thiul rL'jil.urri the prrvimis usr nl aliini .mil ailixaii'il 
siliid iHMduse It rt'snliecl iii luuei tiist .mcl ircliiCLil \i»]unir ( 1 .ihli ‘15 5) 

Cbm History—Nlsgara Falla, New York (Figure 35.6) 

1 he Nidf^tiid tails, Ness VuiW, waU'i plaiil is a ioiivlmi|iiiii.i1 i 1.ii ifualiuii plain, 
Ispicdl III those flcsif^tiiMl In tieat low iiirhuhU walei sum c is. siidi as lake oi 
reseivoiT supplies the Niagara Kimt receives low lurliiflilv walei lioni lake 
Kill* lo nunniii/e sludge pioduiiion, instead of .iddmg alum alone to loim ihi* 
tvpiial large floi sliuLtiiie, the plant leslrii Is the .iliim dosage to thiii needed lo 
form a tinv pmpoini Moi J he oh|e<i is to make the solids filterable, not neies 
sarilv seiileable \ ivpical dosage is 2 1 mg/I alum and 0 25 f) 5 mg/1 polvmer 
coagulant When the plant operates on alum alone, the dosage is K-12 iiig/l 
tiliei iiins ol 5U-72 houis aie aihieverl with eilhei piogiarii tloi penetiatioii 
and solids loading on the hlicis aie giealci with alum-polvmei than with alum 
alone, but total sludge volume is lc*ss (1 able ^5 b) 

Cbm History—Son Dlogo, CBlIfornlB (Figure 35.7) 

San Diego's niunuipal walei is prorliiced b> three plants ol lonvenlional design 
these treat lailoiado Rivei water diawn horn impouticlmenis whiih also UHeiie 
luiiotl from the loial watershed (fable H5 7) Although theie are seasonal 
ihariges iti loniposiiion, on a dailv basis the law walei is relalivelv lonsisteni m 
c^ualit), with the onlv iiiapn variation being lempeiatuie retioduallv, copper 
sulfate IS usinl for algae control in the leseivoiis 



brine 


FHiurB 36.4 l*ark kiiiHki lllniftib 
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TABLE 35 4 Typical Walar Chaiactoilailca—Parli Fcraal, llilnela 



llairliit ss 







IS f i( 0 ) 

_ 
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WATER TREATMENT PLANT BY-PRODUCT 
DISPOSAL 

111 ilu wallr titiiiriii Ml |)iimlss b\ pifiiluct solids pincliiLLd h\ iIh itminal id 
L oniaininaiils Jioin lh( lau waui biiriiiu a stiondais disposal pioblciii lo 
iniiiiiiii/L ihi (osis ol slud^L liaiulliiit> ihc \oliinu ol slud^L pio(liifLd should 
l)t 11 dm i (1 as Him li as pi Ji tu dili 

Kt dm lion oi llu \\Uk*hl of solids 11 moved fioni I In law ualii is impossible ol 
foinsi il llic qiialilv ^nals au lo bi aihuvtd An\ wnirhi leduition tlitn must 
lotm lioin llu u due lion of i lumuals addi d loi i oaf^ulalioii and Hru foiinatioii 
In iddilioii to this vvciirlu itdiiilion tin is pi ol slud^i prodiittd should Ih ion 
trolkd d pnssdilc lopiodiui i iniiiimuiii \ olunie and lo >ii Id a f oinpail sludge 
ill ii is Ciisv lo dtvv uti ami disposi oi In gtnti d this ma> Ik aicotiiplishid bs 
iiduilioii or lIiiiiiii ition ol moigiiiii salts which tend to produce a light Hultv 
sludgi iioi icadih dcwatiicd L his ni i\ icquiic pailialoi lompleic it placeineni 
oi till mci.d salt b\ oiginu polvmcis In manv casis ihe addition ol a ilav tiu 
ill iiiiig agini allows ilu lomplilL iiplaiLiiiLiii ol tin sail pioduiingan casih 
(iLwalciiil sludge suiubli loi dniil landhll 

When possible low lLiibidit> wain sliould he clanficd b\ lillialion pioetssts 
lailui than cnagulation/si rlinitnialioii pionsscs I his ma\ signiliianlU icduii 
llu ainijuni nl sludgi piodiued while niainiainmg wain qualilv M.iii\ plants 
with low law wale? uiibidil> piactiiing lonvt nlional Loagulation/st ilimeiitauun 
pioccssLs apph ihcmical solids that (ai exited llu amount ol suspended solids 
piLStnl 111 ihe law wain lo bt clardiiii 

Sludgi linin piicipilalion sollcnmg pioicssis usualh lannot bi redmed sig 
iiihiantlv 111 weight sum llu\ aie pimianl) a lesull ol the iiisoliibili/aiinn of 
dissolvid haidness rathei ihan the addition ol unnecessary Lluniieals Wheie 
sollciuiig IS achieved bv ion exihaiigc it is possible lo reclaim die salt values fioiii 
s|>ent regeneration solulions while piodiuing a solid waste lonsistiiig ol calcium 
iiid magiiesiuin salts 1 he leeyiled salt biine tan then be used lot subsequent 
I e generation 

Oiut' iht water treatment iheniistry has iK^em investigated to determine the 
optimiiiii pioLcss producing the least amount ni bv-product sludge, eonsideia- 
lion then focuses on the type ol disposal priK:ess needed lo handle the solids 
Wheit applieahle the potential use ol bv pioduel material by a local industry 
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TABLE 35.5 Typical Water Characterlatica—Daytona Baach, Florida 
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shuulH he iimsirleiecl I liis iiia\ iiiikiiir such iIimmsc ailixilies as Iniik iiiaiiufai 
tiinn^. walltMiaiil pitirliulnm aiul .i^iiiiiltuie I hi alkali \aliH nl linu sIuiIlti 
nia\ valuable to iiciiiiali/e aLiclit wastes, siiili <is pii kle lii|iioi in a siiel mill 
rinrhii^ piaciiial uses loi slud^t not onl\ leiluus iln* slurl^e liaiulliiii; cost, hut 
also eliminaies the neerl lot l.iriclfill ol ilii solid maiiiial 

l)is| 34 isal of sliifl^e In rcleiiiinii in sliiii^i lat’iions .ippeats ai hisi in hr iht 
obvious soluiion lo a sludge disposal piobirni I nloi iiiiiali h this (dim is simplv 
a delavin^ pi cm ess riiiinatelv ilu shid^t must a^ain hi lianilkd d ihr lai>oon 
must Im.* leclainied lagoons mav pi ovule iniriini sioiai>( loi a ikwauiiiii; svs 
leiti whuh (onliiiiiouslv withdiaws sludge lioiii ikt lagoon ai a Loniiolkd lali 
opiiiiii/iiig the design ul llu* tlewaieiiiig diviii* I his also pi ovules .1 iiuaiis to 
completelv Hush sediiru titaiion basins in rddti plains nol eijiiipprcl Joi coiilni 
nous sludge wilhdiaual Wlitic land is leadih avail.ihh sludgt lagoons ina\ 
piovide an eiononncal 1111 ihod of sliiHgt diving piovirhng the lagoon dcplli is 
1101 exiessive and rliiTiatu conditions .iie iavoiable 

Sand diving litrls have pioveii aeii piabk loi ck wall 1 ing walei plain slurlges 
111 wairiiei fliinaKs, ihev inav bi used vtai aioinul in 1 old ilnnaiis, llu sand 
beds ail usuallv userl 111 suiiiinei lodewalei skirige .ui uinul.irid ihioughoiii llu 
seat ( OLipled with high inoleciilai wiight floiiidaiiis saiirl lied firwatning 
pi ovules a pi ac Meal inexfu-nsiv i melfiod oi sludgt ih‘waUinig fi 1 ef|uji t s liilli 
alleniion b\ o| 3 eiaioi s and c onsiinu s vei v lillle 11111 g\ Sludgi hai vc siing ini ih 
ods should lie lonsideied in designing llu fieds so dial mi t lianii.d ei|iii|nneiil 
can be ustd 

Dewaieiingbs leiiiiifugaiion has gaineii popid.iiilv due lo the 1 oinp.ui naliiii 
of the e(|uipnunt aiul its afiifiiv lo In opeialid wiili itlaiivelv link opeiaioi 
atlenlion Special altention iiinsi bc‘ given to ihe cklails ol e(|uipiiienl design lo 
ininiini/e iiueinal abiasion liv giii, whiifi leads lo tosilv inaiiuenaiu 1 1 his 

ei]iJipiiu‘nl IS able lo handle wide vaiiatioiis 111 leiul solids wiilioiil signilnam 
upsets in pfoduflioii 

Wink vaLUiJin films luive bi'en iiivesligated bv some plants, iheie dors mil 
appeal lo be a widespread use ol this eipiipmeni to dewalei waiei ilaiiliialion 
sludges 
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TABLE 35.6 Typlul Water Charoctorlsllea—Niagara Falla, Now Yorli 
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TABLE 35.7 Typical Water Characiarlallca—San Diego, CaUfomia 
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I 111' pl.ilL* iinrl fiiiinr lilln picss li.is hcin siiiii‘sslii]l\ ailapU'il In (li'walL'iii)^ 
niiiiiii ipal u.iU'i (ilaiil sliiili’t In pinpeiK asst‘ss lint pint css, hnlli i.ipilal anil 
npri annual insis iiiiisl lie ininpaicrl in the aim native incllinils In sninc lascs, 
\i M lii^li closes nl lillci, sLiili as dialnriiaicniis cailli. lime in ll\ ash. liaxe br'cn 
rir]uiri'cl in pinduit an aiieplahle take tail\ ilesijriis rei]Liiieil innsirlciable 
iiiiiiijinwCl pel mill nl tliv cake piniliiiiinn. hut neuei clesii^iis have impnneH 
upon iliis 

I lie hell jness indiitles seveial \aiieiies til clesii’iis nl sueeiis ni ilnths nii a 
((jii\e\ni ilcMie In leiliue slucl^i vnluiiic Olten ihc snliils aie rlisihai^etl as a 
pasle 111 Slime tases. aclililinnal siaj;es iisi pi ess mils in si|uee/e nut mnie uatei 
and piiKliiie a mnie i niii entialed take ini clispnsal 

1 illei haikuash isalei. i niiiaiiiiii^ lelaliveh liule solids, ici|uijes sepaiali Ireai- 
iiieiii In mans lases it is possible in siiiiph piiin|i ihe haikvsash walti tliieilK to 
the head nl the plain wilhnul tipselling ihe nniiiial Llaiihiaiinii pint ess lu 
laiililate ihis, it is desiiahle in add a taiioiiii pnKinei tn.igiilani diieilh to die 
leisile stieani diiniig the lime the batkvsash waste is being letuined Ibis ag- 
glnnieiales ihe solids and pi events iliem hnni upselling die ilaiihralinn pi mess 
1 be backwash flow laie is niteii so high ibal diietl letiiin In the sedmieiUalioii 
basin ma\ create a ninmeiilaiv o\t'ilci,id Ibis can be cnniiolled bv an mieinie- 
diale e(|iiali/ing basin Where sedimeiilalinn basins aie not emploveiL die use nl 
decani tanks to innieiilraie the sludge, Inlbiwed bv sand bed dewaleiing, sliimld 
pinve adei|uale 
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Chapter 36 

Municipal Sewage 
Treatment 


Wink iiiiJiiui]ial luMinitiil is .1 well ('st.iblisliLil pi.iiiiiL, il is an aiL-a 

nl w«iu I iic.iimtiil i \pLi It lu iiii> 1 t\nhiiiniiai\ 1 h.iii^t‘s Ixu aiust ol ini 1 tasiiifrk 
si I instill tllliifni ijiiiiliiN liiiiii.ilii>ns anil ilii |>r)Unri.il \aliit nl lieairrl rllliienl 
as .I Slim u nl wattM Ini iniUisiis, a^tii iiliiii i and iniiiijiipalitu s I nlil.ifrw yeais 
a^ll plains uiIt dtsi^iit d In iLiiinxt ^O-lOVr nl tin iindcsnablr inipuiilirs he¬ 
lm i disthai^t intn llit bnd\ nl xxalei Iheie ulti iid leal limits nn 

tflhunl ipialiU .IS Inii^as iht ilisibailee \s.is thlniinaud and met bailLiial count 
siandaiils Muiiiiipal sexxage plain npc.ialnis had niih nnnimal naming, bill, 
IniiunaieK, niaiix of llieiii weit alik in leani finni expeiiciue and lietanie 
knowledgeable 111 I ben plains opeialioiis Wilb ibe gi owing sophism alion nl 
niodeiii plains desigiud lo meet sningenl goals, naming piogiams m sewage 
plain iipLialinii liavt betiimt: axailable to supplenitin on-ilie-joh naming Ini 
iipgiading peisoimel 

Sewage neaiiiiein lelcis in ibc. piniessing of piimaiilx domesiic sewage pin- 
duicd bx txpual c ominuiiilx and bousLliokl aitixiiies In itnal aieas the chdi- 
aileiisiKs of raw sewage lend In aclbcic In ibis dcfiiiiLinii As cities become laigei 
and riinie iiidusliiali/ed, the waste xnlumc and 1 baiaLteiislits of niiL pailiciilai 
mdiislix max affect sewage inmposiiiim In adiliiicin, sewage max Ik* finm cnni- 
bmeil ni separate saiiiiaix sewet sxstems With Lombmed sxsleins sioini water 
diaiiis inln ibe sewet lines In heionie pait id the inlal (low In the sewage tieai- 
inein plant Siiib iiiuniiii oiled singes 111 Jlow can be xcix disiuplixc to the 
pintess 1)1 sewage neaiineiil, srxeieix limiting the plain s abilitx to teinove pol- 
luianls l*uluie piacliie amis Inwaiil srgiegatiiig sliiiin walei flow 111 sewei sys¬ 
tems separate' lioiii those used In lolleil saiiitaix waste Fins will iiialeiiallx re¬ 
duce and Limlinl ihe flow enieimg the iieaiiiient plant, tbeiebv inileasing its 
ability to inamlain adei|uaLe tieatmeiit Slorm walri letenlion basins are being 
biiill in many tines In even out the sexeie surges caused bx stuim water, allow¬ 
ing a moie reasonable 1 bailee of prcKessing the exira xulume 
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bven wiih sloini walci ugiiliim. il .ipprais that rliL* iiLiiinuiii of sinini 
Itself 111 leiniive undesirable Luntafiiinaius iiiav lieLonu a n nu iit fni 
mam drvAS This is due lu its sudden deliiineiilal etftil nn ihe iecu\iii^ stieaiiis 
In drnseh pnpiilaied and liiglih iiidiistiiali/ed ai lms. slotin viaUi iiia\ lit nioii 
pnlluled ifiaii driinesiii sev^af^e 

Beiause sewage flim palltiiis are direclh lelattMl In iesidiiili.il wain iisi 
iheie aie wide xaiialicms in iiiHnw duiiiig ihe da\, ific weik, aiul tvtn llu sea 
sun figiiie 3b I induales the degiet of \aiiariuii ihioiighnul iht da\ lausttl In 
t\piijl lesideritial use patleins Duiiiig the week, Hows will \ai\ due in mini 
lacliJis, such as ihr liadiiional Mondas wasluhn Seasonal \aiiaiioiis also aHeil 
sepaiale sanilars seweis due lo (lie iinpacl of sioiin walei tauseri h\ d.unagi rl 
sewei pipe (iiifiltiation), and sump pump opeialion XMiih lombiiuil stwti 
systems die mosi]> iidiueiued In sudden downpours (inflow k separalc sssieiiis 
aie aflecied inei a hioadei (leiiiHl ol time ilue to ihi slowei ihaitiagi of wain 
from the satuiaied soil Aflti a consideiahle tin spell, ilit soil ails as a spongi. 
ledufing Ihe iinpatl of shon iiifieqiieni slioweis 

EFFLUENT STANDARDS 

Ihe esiahhshmenl and enloiteiiieni ol efilueiit legulalioiis has piogttssed 
rapidU as a rcsnll ol ihe ( lean Walei \li (Publii 1 aw fust as eath ni- 

dusiiial plain outJall has its Nationa] Polluiioii Disiharge 1*Imiinalioii Sssiem 
(NPl)tS) per mil, so do miimiipdl plants Ml muiiiiipal plants miisi piacliie a 
minimum ol setiniilan stwage lieatmeni piioi lo dischaige mio leteiMiig 
sliearns Secondaiv liLatmenl restiuis the efTIueni lo 30 mg/I siispeinletl solids 
and 30 mg/I BOIJ, and lerjuiies dial it he Lhlorinaled to desiim pathogens 
While this staiidaid mas leijuiie some ytMis lo achieve, it piovirles an inifiiecfiale 
objeitive to design engineers upgiailing existing plains anri iiisLilliiig biLilities 
where none presenlK exist 

^ot manv walei ways, additional, moie restiiilive siandaids are imposed due 
to the par titular needs of die leieiviiig sriLMm, defined hv its laiegory ol usage 
A stream used only for naviganonal purposes may not leipiiie elabciiale treat¬ 
ment ol waste disihaiges On the other hand, a leieiving hoily of water used 
as a source of |iolable watei or tor swimming may have very lesiriilive efThieni 
standards. Regional and loial legulatioiis may mtiease in importance as the 
Enviionmenlal Pioieitirin Agency tevicwrs the reteivmg waters and classifies 
them based on present and future* needs Some streams may peiiodiLaJly fail 
to meet the stream standards set for them, usually in lemperaiine, dissolved 
oxygen, BOD and suspended solids These streams arc lei tried ‘'i|Udliiy limited ” 




A plant disiharipnf; inlii a quality limited stream may he required to produce 
a better elTluciil than the typical industry scandaid 

In some cases, the sewage plant eiHueiil may become high enough in quality 
to iX’iiniL lecyiliiig into the municipal watei suppK system for leusc When this 
is done, salegiiaids must he iiisliiuted to pioteti the public health In many cases, 
sewage plant effluent is used lot inigatinn ol parks, loadways, and agricultural 
areas because of Us nutiieiit value, iiirlhei leducing the iinpacl on a reteiving 
sti earn 

TYPICAL WASTEWATER 
TREATMENT PROCESSES 

Wastewalei fieainunt practices var\ in the t\pe ol ec|iiipiiieiit used and in treat- 
ineiil siquenies Vfost plants fall into a lew basic latcgoiies, as shown by the 
siiiiplihctl How sheets in Pigiiie 2 While ihesc How sheets show tlu basic unit 
ojieialioiis lhal make up the total pi cm ess, thev do nol include supplemental 
iieainieiils suili as ainiiinnia stiipping oi selective ion exchange Ihese addi¬ 
tional piocesses develop fioiii iiiciiviiliicil plant nec'ds related to sewage iharar- 
iciistiis and flow anil tlu elllueni limitations to 1m met Since the Cdeaii Water 
\il lequiies all plants to piaclict seiondary lii.itmeiit onlv those treatment 
SI hi mes that iiuliirle seioiidarv tiealiiicni are shown Stabili/ation ponds, whith 
pi ovule liealiiieiil Ini smaller munuipalities, ait oniiUcd litre, the wastewater 
IS Loritamed in a juinil loi long per mils of time during whiih usehil bacteria 
.mil algae loiisuiiie iinrli sit able pollutants Sliowii ate the most cuinmiin unit 
pint esses ol scw.igc tiealiiiinl in tiiiiiiiiipal plants 



Hgura 36.2 Typical piucesscs available im nuinicipal sewage tieatnient 
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Protfootment 

Prelicatnuni ol siwa^i innsists ol [i) itniDM In^fi solids oi i oiii 

miniilinn to shied rUhiis I Ins is Inlhmerl bv giil itinosal lo sittlt out llit 
htdw frill pdilicits Olun till WISH IS pu an iicd lo idd dissoKid o\\f{in lo 
ihe isdsiiu lUi slit nil and piiMiii ilu odois oi iiiaiiobK dtioinpnsilioii 

Extonded Aeration 

1 his piiHLss iikis I iw siw ifit diuctJ\ into in ui iltil iin\ l ink Im iif^hr lioiiis 
Of iriori lopiosidt b ii ft 1 11 uiili opfjiiuini i midilions lo i onsiinii ihi HOI) pus 
LI1I in ihi wasliwUtr ilu i Hint ni iioin ihis ini\ i ink s in i si dnni nl iiion 
lank whtu tiu JloiiuJiliil inloiiits oi oi^inisjiis iit siiritri lo piodiiu i ih ii 
oviiiiow \ poilion ol lliL si Ilkd iiiiiiobiil lloi is uluiiufl lo ilu hi uluoiks 
and a |)oi Mon St nl lo sluil[>i rlis|)osi1 Ilu i k ii i HIiil iii is ilii ii iliii i ii d lo liii il 
liLitnuiil suih IS disiiikcUon pi i hips p issiiur tliioiiyrh i lin il fiolishini^ IiIut 
1 Ins nu diod nl lit iliiunt is ptUitulnls siiiU d lo pi mis ih il hiM i lots con 
ctiilialion ol St Ilk ihlt snluls m ilu i iw si w ifL»i it inmiiiii/t s ilu iiiiiiibii ol iiiui 
opciaLiiins iusoImcI hi siiulki pi nils 

Conventional Primary-Secondary Treatment 

111 this pioiiss nscil In inosi pi mis m ilu I niitd Si lU s ilit i iw u isu is In si 
diiitud lo a piiiims iliiilni wluu sillk ihk solids iii uiiiumiI iidiiun^ 
ilu load on siihst t|ni nl (it iiiiutil iiiiiis I olkiul il solids md soinhk KDl) llun 
luxe the pi niiai vein ilu i toi (lu si i ond ii \ poi lion oI ilu pi ml I liis si c oiid ii \ 
iinil max lit cillut i iiiiklirnr hlui oi mou (oniitionh ui uiixiiid sliidi^i 
basin Olliti (kxiits h iMiif; IimcI |it)siUoii hull ii il slinu in tniii iii \mi1i llowiiif; 
stisagL iiL siinilai in liukliin; Idliis Ilu si iiuliidt piiktrl lit ds mil i a uiiif^ 
disk nil tliii \s in ill i( lix lU rl sludi;t piotissts iht oi nnsiiis umsmiu hioilt 
giadihk iii^nius Mlii i piimtl ol iitiu tin oif*misms jiul wisuuiui How 
on Ml ilu iliiiliLi loi sLpiMlioii with ihi ii lix ili il sludi;! pioiissis llii sliid^t 
nijiaiiisins lu uliiiiuil tii tin litad ol tin sttnndin sxsitm iiid i poiiion 
xvasit d lo shidfii piiHissnifr Ilu i IHiit in ihi n ^oi s lo im il n i iimi ntloi rlism 
iLclion md fit ihips lilti iiion 

Secondary Treatment with Nitrification 

IhcLarIx staf^i s ol iliis piiMiss iit smiilai lo t oiixi nlion il siioiiilaix liitlintiil 
Iht lain slifTi niiiifii ilion is tiu pintiss ol tomtiinif; imiiiom i mil niiiiit lo 
nitralL 1 his is usii illx dom in iscptitu hioln^u il u it loi hi Im i Im il 1 1 iiilii i 
Mon NiiiiluaMoii iiia> oi lui iii i siispciidid hiolofru il uiiloi lonliiniiif* spi 
iifu oiiranisnis ihil list jinmoiiii iiid inliiu in llun nu i iholisni 1 ollowin^ 
iiiliifitalion 1 rlaiilui stiilts anil uMiins ihi hinlo^ii d sohrls it* ilu piiiirlm^ 
mill to inamiain iht nitiiiii ition oi^anistns it ihi piopti iilixilx lixtl V\ isu 
sliiiigt is disposi d to sliiflfTi piocissiiif* Disinlt (lion mil lilli ilioii mix ilso hi 
unli/cd Rtcliuiiifr ihi lixils ol innnonia iiid nitiili piodmis iiitlThuni mint 
Lompalihk in iht tipi Hii lih m llii iiitiviii^ slitain 

NItrlficatlon/DentrlfloatiDn 

in ihispioctss aionliiinaMon ol ilu pit \ ions pinttss niliaUs iit (oiiviiltdlo 
mulecuiaf nitiofren h> iiuaiis ni still .iiiiilht r biolo^ual iiatloi 1 his ii iiloi 
tonujiis oigainsnis lhat tan ulih/t the toiiibiiud liom ilii iniiaiis anil 

leleasf niliogtn gas following tiaiifitalioii thi oiganisins max ni max mil ht 
leliiiriid M> lh( binlogiial itattor dtptiiding on ilu pinttss ustd 1 mal fillia 
lion and disiiiictlion an ntili/td as IhIou I he iimoxal oi iiilrogtii tan uiliut 
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the pnlnuial for algal blnoins in the reieiving water il nitrogen is the liiiiiiing 
nutrient. ” 

Physical-ChBmlcal Treatmant 

In ihis priM rss, lau is lakcii inlo a rapid mix and Hon idatioii /one where 

a larpre dosage ol rheniirals is added lo prndutre massive chemical coagulation 
anrl llocculaiion. Unit* is commonly apjjlieil ui achieve maximurii absorption oJ 
iiiipiirilies in the flocculaliori process. Following a clariJier lo remove the |ire- 
lipiiaied and C(»agulaled solids, the wasie waiei is filiered to reimne residual 
suspended solids prior \n eolering a carbon ad.soipiioo rolumii. I he cailjon 
aflsoipiioii cnlunoi reduces residual organics to a low level. Following this, the 
eflliienl is disinleiled belore eiiieriiig the l ec riving stream, lii snme cases the 
liiof'-ireaieil is air slri|.iped ol Iree aionioiiia belore entering Ki]b.si*L|iie.ni 

stages in the piiuess. Ihis proiess is elleciive where signilLL;’.ini amnuiils of 
[irgantcs can be settled ahead ol die rarhon bed. 

Nutrient Removal 

Removal r)l oulrieiii usually relers to pliosplmrus. Inn may include nitrogen. 
The objective is lo i educe the t oiiieni ii^ a level that will inhibit eLiiropbicalion ol 
the reti iviiig IukK ol water. It has lx*eii delerniiried that when either niirogeii or 
])hiispliui'us is lediued to low levels, algae growth ran be conirnlled to prevent 
the massive algal blooms iliat give rise lo eiitropliicalioii. A study may be necc.s- 
sarv to ileieniiiiie which notrient is liiiiiling. reducing the co.sl r)l' waste treal- 
immi, since oidy that iiiMrienl need he removed. 

Riio.s|)liorus is lemovetl hy precipiialion willi calcium at high pH to precipitate 
call iuni |)lio.sphale, or vvitli alumiimm or iron salts lo precipitale phosphorus as 
the metal phosphate. In either la.se, p1ios|)honis can he renioveil lo a level |)re- 
veniing iroiihlesome amoioits Iroiii entering the receiving siream. (a)nsidcralioii 
must hr given In the lonn ol phosphate present in the wastewater. Phosphorus 
ill the (iriho[]liosphale lorm reacts completely with the prciipiiaiil: polyphos¬ 
phate is not completely removed. Some plants have been provided with clariliers 
specilically ile.signeii lor the purpose ol precipitating phospbonis, though this 
tilieii is unnecessary. Where lime trealmenl is used, it may be added to Ihe pri- 
marv claiilier if sulheieni lloi culalion time is available to complete the chrmical 
reactions. 

rnderilow pumps must lie sized .so dial the solids precipitated may be re- 
moverl ellei tivelv from the priiTiary claiilier. Metal salts may be added eidier 
ahead ol the primary clarilier or inlo the aciivaleil sludge tank prior lo its di.s- 
I harge into the biologit al clarilier. riie contaiiu'd metal hydroxide and rnetal 
|)hospliale sludge does not inhibit biological reactions, providing the pH is in the 
7-10 range. 

I he most eHicieiil pei lormance ol inetal salts is usually in the activated sludge 
lanks, where polyphosphate Iras had lime lor conversion lo the ortho form. 
Regardless ol the cheinical u.sed or selection of a reaction site, il is lielplul loadd 
an anionic polymer Mocciilaiil to the slieaiii as il enters the clarifier lor more 
complete removal ol suspended materials and reduction ol chemical do.sage lor 
elleciive chiriiicatioii. This will mininiize the volume ol waste chemical sludge 
generated. Wilhonl anionic lloccidaiii.s. sigiiilicanlly more metal salt is rei|uireri 
In achieve acceptahle results. 

Amnionia removal may Ik' practiced by niiriliralion/deiiiirilicatioii. Other 
ways to remove ammonia nitrogen include: lime Lreainienl to achieve a high pH 
lollowed by air stripping of the amnionia from the waste siream; anti ion ex¬ 
change, where the stream is passed thrnugh a bed of clinoptilolitc clay, which 
has a spedlic alfinity for amiminia. 
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DISINFECTION 

While disinfpLtion niav take \ annus ini ms, cliloiine aji|iliLatinn In a dcleiiiinn 
basin providing at l^asi I 5 minutes reaction time has usually been used hit tins 
puipose In some cases, dechloiinaiion mav Inllow tn remove any tiaie amnuiits 
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III residual ihlonne that mifrht be loxii to stream oifraiiisms Because of ciini ern 
for the pioduriioii of rhlnnnaled organics, which nnghi also be Icixu, other 
methods nl disinlectmn aie gaining populaiit) O/onaiion is liecoming more 
pfailii al as improvements in eiiinpnient design Lonhnue to reduce losts Furthei 
ipseaith IS needed to define the potenLial hazards nl bvpiodutls ol the nxidalion 
ol otgarni mateiials with ihlrmnr and ozone 

Sevrial plants shinvii in Figuics !trj 3 and 3h 1 ate examples nl ioiivenlinnal 
systems which weie upgiaded to meet inirt'asinglv stiingeiit ellluent cjuality 
goals 

PLANT PROCESS CHANGES CAUSED BY GROWTH 
AND INDUSTRIALIZATION 

1 hi Small Bullalo ( leek liealinciit plant in (vieeiisbnrn. N ( (Figuie 3h 'la) is 
an example of ihe impati ol iiuliistiial and uihaii gtouih on Ixith plant si/e and 
pieleiied titalineiit processes When oiiginallv designed in the ear 1\ IMSO's, 
domeslK sewage was bv fai the latgesi poitinn of the raw sewage Ihe design 
Miiw ol '1 2') mgfl (8 ’) mVmin) was siillicieiit lor an ulliniale popiilalion of 
37,000 1 liL plan! piilotniaiue was ade[|iiale iluiing the next few veais with 

OOS UOl) leinoval the Lilc ^0 s iiidiisttial discharges had iH'giin lo ihange 
lilt (liaiailM rd ihe 1 aw wasle Die industries disihaigiiig in the s\sum included 
lexlik, meal packing, clumiial piniessmg, piiiilliv pint i ssing and melal plating 
H\ ilu iiiid B0\ the incliisliial KOI) cniuiibiilion had iisin in omi h'l'r 41- 
ihnugli iieainiLiil plant iiiipi rneinc nis had tieen made, ihev weie gi^neiallv 
i xpaiisions of i xisling equipnieni In the niid-hO s, a ina)ni change m the methnd 
nl luainuni was initialed I his iniludeil cnnveisinn nf tinkling lilteis lo aili- 
\alid sliidgt acialion liasms However, some id the ini kling hlteis weie ictainecl 
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lu strn'c as ruu^hing fillers ahead ui the arlivaled sludge basins. I'his allowed 
more eHertive handling ol load surges and also proterled the activated sludge 
nrganisin.s critical to ufTeciivc plant perlormanre. B) these changes, plant efli- 
I'ieni) of HWt BOD rennnal was increased alnne again. 

Additional plant improveiiieiiis (Figuie 3f3.3b) will achieve the increased 
leinoval elHcieiicies recpiired for local stream slandaiils while at the same lime 
iinprming odor Liinirol around the plant. Kllliieiil BOl) ol Ifi mg/l and sus¬ 
pended solids of 1(1 mg/l lepresenl tnei 1)8'.^ removal. Phosphorus removal is 
also practiced. 

I'liis is a rather typical rase history as it illustrates the steadv growth in v\alei 
coiisuinplion, the lontmual iinprovemeiits rer|u[ied to meet iieiv standards and 
the relatively lorig time needed to iinplenient changes lu'caiise of probli'ins ol 
funding, de.sign and i onsiiut lion. 


MUNICIPALITY AND INDUSTRY JOIN FORCES 
TO TREAT WASTES MORE ECONOMICALLY 

In (3reen Bay, Wisrrinsiii, the loopeiatiun and planning ol inrliistiv arirl goxeiii- 
iiicrii has produced a uniijue municipal-mdiistrial waste lieatmetil plant In 
woi'king out the project, the (Fieeri Bav Melinpoliiaii Sewer.ige Disiiiii .mil 
two paper mills founrl that it was less expensive* and mine elhiieiil to tieai a 
complex comliined vs'aste llian the separate inrlixidiial }>laiii wastes. In the 
process (Figure S(i.4), the municipal and paper mill w'asies are collecierl anrl 
proportioned into the plant prcKess bv separate pLirnping svsicmis. I he muniii- 
pal wastes undergo preliminan treatment to lemove grit and setlleable solids 
before entering the seionclarv irealiiieiit phase. Mill w'asles, liowevei, do not 
contain appreciable setlleable material so lhe\ go dircxllv to scxondaiv tieat- 
rtietit. Hydr aulic de.sign (or the (ilani is based on a nominal How ol 52 mgd (137 
m^/inin) with a peak flow' ol 172 mgd (450 m'Viiuii). lo tieai this complex and 
variable waste, the pioccs.s How sheet was kejit as flexible a.s jios.sible. 'Flie plant 
can segregate the sccoiidary portinii into tocci separate tiealmeiit svstems. While 
the (oniaci .siabili/.alion process was chosen fur its adaptability to the anliiipaieil 
changes, the curilaci basin can receive feed in citlmr slug How', slc*p feed or com¬ 
plete mix modes. I'he Hows within the plant are inoiiitiired and can be propor¬ 
tioned by a computer in the main control nmin. 

Nutrient removal is praitired by using alum and anionii HiMculanl lor opti¬ 
mum settling. While phosphorus iiulrient sliould generally be available somc^- 
what in excess of that required for biological metabolism, provisions were made 
to allow phosphorus addition if required due lo the nutrient-dehrient nature of 
the paper mill wastes. 

Excess activated sludge from the plant is thickened by air Hotalinii and then 
thermally conditioned to give a sieiili/ed sludge. Cairiently, this sludge is vac¬ 
uum filtered and incinerated, producing .steam from a wa.ste heat boiler, 'f'lie 
sludge may also be disposed of on land depending on prevailing conditions. 

SEWAGE PLANT EFFLUENT IS FED TO 
WATER FACTORY 21 

An example of more complete purification of municipal wastewater is found in 
Orange County, California, Water Factory 21. This easily expandable plant 
combines physical/chemical treated .sewage with desalted iM:eaii water to give a 
high quality product water. This is used as injection water, both to prevent sea 
water intrusion and to recharge the ground water aquifer. 

In this plant, the first step is treatment of the secondary effluent of the Orange 
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Figure 36.5 ( ninhinifl uiiiiix slw l^c iitiiinuiii mil ItsilmaLion |il>ini liii 

limit 1 riiiiirl iii|i 1 linn it Ouiigi ( nuniv ( aliluiiiii 


1 iiiiiih Saniiciuon nisiiiLi I In ]niHLss (higiiit i) in\nl \ls ihemual ilanfua- 
imri A\illi hint iti pitti|Jiiaii srjhiis anil li> lilutait amnioiiia inti n^t n whiih is 
ihi II an sliippicl Mil stiippiiifr inwtrs ulic liisifriirtl In LiihaniL ihc rLmo\al 
nl amninnia anil alsn piiiMili innliii^ fni iht itli.iLtiii ilt (laltimr plain ] he ab 
sniluil heal inipiims aiiininina snipping LlTi(iLnL\ 

1 iillijwing ainiiinnia snipping' ami 11 Laihnnatinii llii uasu\taUi is fillcied 
piini It) (iiuiinyi laibnn ahsniplion lolunins 1 lu isalii is ihtii ehlniinalLd to 
pindiKi a walci atuplahli Ini dunking a 1 lhcni);li il is hi^h m dissnisrd solids 
In rinuilN lliis diliiuiic\ liu uaiii lailnn alsn pi net sst s in tipiil amniiiil ni 
sea wait I iisiii^ an achaiu t d \ t'lInal riiht tsapniiini 1 he di sailed walti is also 
nl i\llI 1 (ii| i|ualils tvitpl Ini ils i ni i nsivi iliaiaitii diit ln\Liv Inw ilissnhtd 
snlids and 1 It k 1)1 h.iidness Wlien bit iiili d (si t lahli 1 ) llu tw i) sti t ains pin 
dint a want lhal isattepiablt ini diiiikni^ il a ensi t ninpaiahh In de\shipment 
nl iiatinal watei sinincs 
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When liiilhei expanded in lull eaparif) lliis laiilits will pinxidt the How id 
waur netessaix to maintain an tlleilixe h\diaulit baiiiii against seMwaLei 
iniiiisiim 

WORLD’S LARGEST TREATMENT PLANT 

Iht hiTgesl sewagr tiLatmeiu plant iii the woild is the Wesi-Smiihwcst plant ol 
the Lliiiai^n. Illinois, Nfetinpolitaii Sanitary Disiiut \silh a lapaiity of 1 44 b{^ 
(SHOO niVmin) I his plant pi ih esses its imn sluilgt plus tliai piocliiicd at another 
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Figure 36.6 Wisi siuuIiwim lrc«iliiiinl jiltinr ul tin Ml liupnlii.iii SaiiiLai\ 

Distiui dI C.ieatn ( hii.ifjri>- sdicmtilii ol ^jstfwatii fJim 


IcKTaliori The flow diagiam foi this plaiil is shown in 3h h lablc 3h 2 

coiiipaTcs lertdin (haracicnsCics of (.liiLd^n's nuinRipal waici siippU. whiih 
nnginaies in Lakr Michigan, and ihc* sewage pJani eflluent T he iieaied efliiieni 
disthaiges to the sanilaiv and harge canal, which joins I hi Des Plaines Risei, 
which evciilualU drams nun ihc Mississippi Kivei 

J he Mcliopolitan Sanilarv Disliiil of Lhirago (MSI)OC ) has iindei- 

taken an extensive strip inine leclainaiion piojeiL in noi th-u'iilial Illinois using 
waste sludge Irnin ihe Wesl-Snuthwesr plant I his jiio)ect has significantly 
advanced the knowledge of land applicatiniis ol nuiniLipal sewage sludge 
Ihe MSDCvC has also moved forwaid in ihe aiea of storm watiM leteiition by 
designing an c^xU'iisise network of laige diameiei i olleition mains undei the iiiy 
These tunnels are in store runoff during ram to Ix' pumped lalei Joi processing 
in the existing tieatmeiil facilities 
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TABLE 36.2 Water Quality Changaa from Urban Uaa 
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BY-PRODUCT WASTES 

111 the liratmciU ol niuiiicipal u.isU\\airi, siiiiir (DiitaniinaiUs aii^ aLtuall\ uni- 
sLiiiicfl, hill a si|'iiifi(aiit |)i)ilii)n siiiiph ait* iniurtifrl tij solid wastes Wlien the\ 
aie leiiiiiM'fl llir wain. llie\ bnonu* h>-pioilLiit sludge, whiih miisi be 

ilisposed id 

1 lu Inst sic p 111 disposal is lo slahili/i llu sliid[;i tii eliniinatt- odoi s and patho- 
i>(Miu oi)>aiiisiiis Most plants use aciohic oi aiiaeiohic digesters to acioiiiplish 
lliis 1 ollnwiiig slahili/afion. die sliidgt is coiiiLiiliati d and dewatiied pnoi lu 
linal disposal in a landfill oi hi iiiiiiinatiun New pi in esses aie being coiuinnallv 
inveslig.iied In use ihis waste sludge ll has been used Im veais as a lawn and 
agi u iillural soil siippleineiil It also finds use as a fuel and as a law inateiial fin 
I oinei Sinn lo adnaleil caibiiii 

Sludge IS (dun cniueiiiiaied befoie dewateiing lo peiiriil inoie elbiiriii iiiili- 
/ation ol llu lin.d rlewauiiiig e(|iJipiiiiiil Ibis is jiatliiulail\ Hut in the case ol 
wasie aciivaled sludge, wliiih iiia\ (ontaiii oiih D ">-1 "jS solids 1 he posilion of 
llu sludge IoiuentraioT will van, ihough when used lo lonieniiale wasie aili- 
vated sludgL.ilis ginciallv aluadid du digisUi lopioxidi a i oiueniiaied feed 
In soiiii cases lliis is ihi final sludge pi messing step piioi lo landfill ol digested 
sludge will 11 the higlin moisluie diM*s not lepieseni signiliiani haulage costs 
1 he et|Uipiiieiii iisnl inav \.in gieath fioin plant lo plant, though il would be 
one of die following 

Thlckenera I he (ninninn ihickeiiei is a giavitv sedimeiUation Link wilh \ei\ 
slowlv nioMiig lakes sui niouiiied bv pukets Sludge is led lo a centeiwell and tlu 
movement ol tlu pukets assists in sludge loiiipaition 1 he puipose is to iiuiease 
sludge densit>, dieiebs ininimi/mg sludge volume and inn easing deteiitioii m 
die sludge digestei I siiallv the ihiikLiiei is used to dLiisilv aitivatcd sludge 
jnioi to digeslion Ihiikeiieis can be ven tioiiblesome because the oveiHow 
goes liatk lo the piiniaiv. and is idlen the laigesi soiiiie ol solids led to the pii- 
maiy ilanfiei 1 he thickenei is likelv to laiiv ovei badl> il ihete aie unusual 
lempeialtirt ihariges oi il the sludge beionies scplii and floats heiause ol gasih- 
caiion C heniual liratment is cdlen helpliil m controlling solids caiivovei 

Elutrlatlon Ihis sludge washing pioiess is soinetimes used to reduce the 
ammoiiia and oigaiiic lonieni of the sludge lo increase the eflettiveness ol 
Lhemiials used lot subsequent dewraleiing Sludge passes in one iliieuion 
ihroiigh two stages of thukeiieis, with final cflliient moving in the opposite 
diieilion to wash it AImuii 1 2 pans oi washwaler aie mixed with one pail of 
sludge 111 iMih ihukenei, and the sludge is settled hcloie passing on lo the next 

Ullll 

Flotation Ihis pituess is an iinpiovement ovei graviiv ihiikenmg because it 
pi ovides a grcaiei difleienie in deiisitv between watei and using aii-eiitiained 
sludge than is usually possible f)etweeii watci and sinking sludge floe. Usually 
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final efllucnt is picssuii/rcl uiLh an at HO-75 psi (4.2-5.5 and then 

mixed with sliulgc 

PTCssinr on ihe inixliiie is siidilenl) irleased, alhmiii^ miiiiiU* tin hubbies to 
attach to the sludge pailules and cause them lo use as a blanket nl froth Ihc 
fiolh IS SCI aped limn the suiiaLe, ilims ilown a lainp, and is then pumped at 
4-H'( solids to llie digestei oi diieclb lo a deisalenng sssirni (diemuals aid iri 
foiniing a cohesise fiolh and in niipio\ing the l|II.i1iI\ of (he separated watei, 
which is letuinc'd to ihi he.irluiirks 

Drainage Concentratora Iheie are tun i\pes ol ecjiiipmeiii avadahle in this 
area One is a iwin-diiinr Ivpe iiinl \\\ih sliidgi* led to the inside allowing water to 
drain through a cloth (oveiiiig on the drum Others are simple lop loadc^d hell 
sc teens whicli allow diamage of water b\ giasits, laU i assislerl In piessiiiL mils 
Digeater Digestion applies to the baiieii.d system ol sludge rlesii in non, iiadi 
lioiialU anaeiobic sludge digestion, although lime is .i growing use nl aeinbu 
sludge digesters In^iause they usually have lewei opeiaimg jjiohlims In m.in\ 
cases, though, aeiobii digesters prodiiie a xeiv thin sludge lless than I'l solids) 
which IS haul lo dispose of Ihe anaeiohic ihgc'stei is a laige f eimc nt.ition sal 
Seseial uiiils niav be used (oi flexihitilv .mil to keep wiihiii ptailiial si/i hunts 
Ihedigeslei sioiesaiul I'ei mi nis sludge dm mg an a])pi ovnnali 1\ hl-da\ cIlicii 
lion peiiod, and \iehls a stahili/ed sludge—that is it will no longci snppotl 
acme liaileiial giowth, so odoi-piodiiciion is lugligihk 

Aiiaeiol>u digested sludge is di.iwii off pr'iiodicalh loi final ilispos.il gi nei 
ally at a conic lUialiori of t-7W solids f he sliirlgi is .diiimt hl.n k and has a 
musty oi eaithy odoi I In aiiaeiohu actniiy geiieian s gas. a inixtiire i Im fly ol 
ammonia (Nil,), inelhaiie (( lid, caihoii dioxide (( O*) and smin siilhdi (II pS) 
fills comhiisiihle gas is buineci in luinaic's lo Inal sludge ii*ciiiulaled iliiough 
the liiinacc liom the digeslei In some plants this is an iinliieci evihange ol 
heat, the Inel healing watc i iii a cIosimI looji, winch in tnin heats the sludge I his 
maintains the aiiaeinl>u pmicssal oplimiim lempeiaimi usually about 'Mfl 
(S2°C ) lo maint.nn .i utiifoiin tempeialuie, lhc‘ digesti i must he msiilaied 
Some systems use se\ii.il rligeslins in senes, tin Inst mill o|Hiaied at MO"! 
(32‘’(d and ailiyc'ly uiideigoing digestion and tin seimnlaiy unit opeiatmg .it 
ambient Iciiipi laiuic, usually 70 80^1 (21 27’( ), so ih.il the sludge im longci 
leiiiienis thus allowing clcMiei sepaialion nl slurlge and supimaiani 

As fresh shiilge IS lerl to tin iligeslei, ir> make* loom (or il, ihii keneci digested 
sludge is yyiihcliawii hn clis[)osal and snpeinalaiil iiiusi also he ehawii oil Ihe 
rirawclown ol siipeinalani is iisuallv leiiirneel ir> the iaw sewage line niieimii- 
lenily Ihe supeinataiil loniaiiis a high leycd ol suspended solids and is .ilso 
highly alkaline, smie ehgestniii piorlines Nil) .iiid ( C)j whnh loim \!I|I1C^()|. 
pioducirig an alkalmiiy ol 1200 I500nig/1 1 hci e lotc^ this iiiie i milient letuni 
i>f highly alkaline snpei nataiil can Im‘ a ihsiiipli\e fat loi in a good chemiial 
(uagulaiion piogiam in the* pinnarv elarifiei 
Vicuum Filter I Ins consists of a sat, whiili icMciyes the sludge ieed, and a 
hori/cinUil elruiii with a hllering suilaie parlully suhmeigeil iii the sludge An 
internal piping system diaivs filtiate llnoiigh the lillei siiriate and diseliaiges il 
lo d receiver and then rlraws an ihriuigh the take lornieil on the hllet siiilaie 
A “doctor blade'" or similar device^ sciapes, blows, ni otherwise disengages the 
cake lioni ihe diurn and onto a conveyoi Consider able ail is involved in hllei 
opeialinn, usually iec|uiimg an opcMaloi to be on hand at all limes Inr ad|iisi' 
menl as sludge eJensii) in epiality changes (.hemuals aie usually ri't|uired lo 
pioperlv tiindiljcjn the sludge for efficient vaeuurri fillc'i operation 

A pTeircatmcni device f!c»rculales the sluilge before it is feel M> ihe hitei vat oi 
pan. Vanables are rnanv. including feed sludge density, sludge flow rale, chum 
.submergence, drum speed. HrMculalnig drum detcriiioii lime and agilalion, yai 
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df>ilaLion, .iiul \aLiiuni hilit-i ilorh—inclijrliiifir t)pr iabru and weave—is 
aiioihei variable, tliini^b nni iiiie iliai is leadih changed (Uiemiials are used In 
iiuit'dse |jHMluilinn. ilaiils lilliale, oi iiuiease take solids llie liliiate leLuins 
in llie lieadwuiks C^ake is disposed of li\ inuiieiaiion ni liauliniJ, so niaxiinimi 
deiisilv IS rlrsiied lo lediiir linal disposal costs 1 he cake ina\ tnniaiii as low as 
solids (ispiial of ihiikeiied waste ailualefl) in .is niuili as 2*)'^ (iNpual of 
iiiixiuies of piiiiiaiv and digesU^d sludges) In sniallet plants, fdiei s mas Im* opei- 
alerl iiUei iiiilteiillv. rdirn oiiK on the da\ sliill 

Centrifuge 1 his rlewaieiiiig rlevice is geinialK a hon/ontal, solid bowl reii- 
iiiliigal sepal at 01 opei.Uing at lOOn-bfMH) ipm and having an inleinal sciew 
(oiuevoi (sLioll) to sepaiaiL and wilhiliaw the icnlnluged sludge lioin the 
slunv pool \.iiiables niihnU bowl speerl iliilLitnlial speed fitlw(*en howl and 
SI mil leerl solids anil How i.iic, pool depth, ami chemical application point 
( lie iniials 111 i lied lo i mil ml both cake deiisii\ and lentiate i laiils aie led intei- 
iialK ihmiigli a special mjiclioii pipe in to the sludge fcLil itself oi both In small 
plants I eiitiilugi's, like lilleis, nia\ be opeiait'd onlv mlei miltenlh 
Roll Presies Mam of iliesc units aic pinnaiih designc^d loi sludge lonien 
nation Soiiil laii be imisideied as dewaieiing dexiits due lo then abilitv lo pm- 
Mili lake solids 111 c\f ess (d 12 M'l I Ins is done h\ a senes id opposing iolleis 
wliuli si|uec/e ailrliiional moisluic out id the cake 
Filter Preeiea Miis ti|uipuient has ikiiionsiiiili il its alnlits lo ])io\ide high 
solids lake I he sludge is pi messed ihioiigh a sines ol |ilaiL-.iiid-li anie sections 
wiili filiei I loth mseiied o\ ei llie plate \ lillei aid sui h .is lime or Ih ash is used, 
.mrl till sliiilge is pumped at l(M)-rd) psi (7 10 ) kg/tni'^) uiilil the liame is lull 
1)1 lompiessiil cake 1 hi platens ami hames aie ihen sepaiated u> allow the lake 
to lall out 

Sludge Beds I liese .ii i .i st i les ol u i laiigul.ii i .ii ilien h.isms iiiiili i lam wiih 
a tile colleitot, alune wimh is a g'lailed giavel iliainage ami i idleitioii lavei 12 m 
(‘HI 4 111 ) deep, lopped h\ s.iiid 'I iii (2'^ cm) dee}) Sluiige is a})|)lied l)v giavil\, 
iisiiallv ihmugli a simple siaml}ii|)e llie sludge fills the hid lo a le\el ol ahoiii 
H 12 111 (2"U h) nil) alio\( the sand sutiaic Mtei lilling, ihc hed is [|im‘sienl 
mini watei diains into rlu mifleiili.iin svsli'iii, usiialb IK-2t hoiiis Moistiiic 
iheti e\a})oi tiles li.iMiig a (lacked sen face within 1 1 weeks, flepemliiig nn 
wealliii, sludge i oiirlilinniiig and iniiial sludge dciism \ ielali\el\ di\ cake 
(21'r sidiiJs) IS finalh haixested lot disposal as land dicssing ( liemiial comh- 
Ilolling sjieeds diain.ige anil laiiliiaies diving, ledmiiig nine hc'tweeii haivest 
mg Sludge beds aie used exleiisivelv hv small plains 

SLUDGE DISPOSAL 

Sludge chsposid IS heiommg mote mipoiiant each vcai hc'cause ol the aiimuni oi 
sludge giMieitiled l)\ im|)io\erl and t*\paiidi*d lieatmeiil |nmesses Mans smaller 
towns simplv jnle the sludge iieai the |daiit anil .illow local lesidents to lake it as 
a leilili/ei Some cities piocess the sludge to salable lciiili/c‘i In an iiuteasing 
miiiihei oi cases, land is |)uichased loi laige scale disposal ol sludge with the 
glowing 1)1 iio|)s being iiuiclenial to the opeiaiion 1 ong let in elleiis on the soil 
iinisi Im' sturiircl lot eaili new siiii.ition 

Manv cities use nilineiamis tn clispnse ol sludge geneiated 1mm sewage 
Somelimes sludge is lonibiiu'd with garbage loi iiumeialion Because ol eneig\ 
consideiatioiis, emphasis is l)eing [jlaieil on pnwei genetalioii in iiewei units 




Chapter 37 

Commercial, Institutional, and 
Residential Water Treatment 


Tills c hapLet ni\t*is till- spcMial i cquiieiiifiits in ircatiiif’ wairr lor noii’-iiuluslrial 
laulities siuli as iiHiic buildings, hiis|iiliiLs, aijaiiinriits, srhools, univi-rsiiics, 
rk'partiiit*m .store chains, hotels/iiintels. slicip|iing tenters, anil t omnieri ial enter¬ 
prises sulIi as liiiiinirics. 'The s^sieiiiN in sin li esiablishnieiil.s Ural rei|Liire water 
Lieatinent are healing, ait iiiiRliLiimiii^, and dnniesiii waiei. 

Ill some respetls the waiei problems eruoiinlered in buddings and iiislitn- 
lions aie similar lo ihose in induslnal plants. Tbe LOiisequciues ot improper 
uatei irealiiienl nia> be e\en more iiilital lo a hospilal or apartiiieni roiiiplex 
lliaii lo a lar^e incliistiial plant, siiitc human health and c omlori nia\ l>c at slake. 

Designers of modein iommemal, institutional, and residential lacilities aie 
well aware of the imporlaiiLe til watei trealnicnl. Tbes proxide sophi.stirated 
Lhemiial feeding and controJ .s).sieni.s for thc.se installations (figure 37.1), which 
ale designed to use the same kinds of iheniitals as iiKliistrial systems. I he op¬ 
erating iKTsoiiiiel ill charge are skilled in the operation of meehaniral sy.sieins, 
and are well trained in pnnKT chemical control testing. 

Older, smaller iarililies may lark good leed .systems and skilled personnel. 1 his 
lequires some niodilication ol the iheiniral program: simple 1 coders are devised 
to apply multipiirpose chemiial lonnulas, containing a variety ol ingredients 
lor loiitrolliiig any ol the problems that might be encouiitcreci (figure 37.J). 

HEATING SYSTEMS 

Heating systems u.sing water are ol two basic designs: (1) .steam bi>ilcr5, and (2) 
hot water “boilers.” Steam boilers are usually package-type firctuhe design operat¬ 
ing at less than 150 psi (10 bars) (Figure 37.3). 

'These boilers are usually gas- or oiTlircd, but urcasionally an electrically 
healed boiler is found. Fuel oils can range from No. 2 to No. 6, including mix- 
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Figure 37.3 A lypical parka^i-d sttain gcntM-aiDr wiih ramplcrie iire- 
siflc anil waicrsiilr luninils. {('.ourhwy of Cleaver Hrooks, division vf 
Aqua-Chem, Inr.} 

exirarlL’ii ihnin^h r.iiliators and ihe r.nnclensalc is reiurned lo the boiler tci hv 
u.scmI cIs I'eerlwater: (2) indirmly; i.e., passed diruu^h a heat exchanger lorated 
relarively rinse to the boiler, with ihcf rondensate reliirnin|r U) the boiler. 'T'he 
niher side id (he heal exchanger is pari id a tiosed heating whaler loop which 
extends ihroughiuil the building. The water healed by the .steam is pumped 
around the loop, giving up its heal through radiators, mixing boxes and other 
types of heal exchangers. 

I'he steam generaled in these boilers can have other uses, such a.s humidihra- 
lion, dishwashing, food preparation, and sterili/ation in autoclaves (linspitals). 

CdiemiLal water treaiment in tlie.se boilers is similar to that used in most indiis- 
irial boilers, A rai elul .study iiiiisl be made of the uses to which the steam is put 
.St) that acceptable, .safe treaiment chemicals can be used. If any part of the steam 
coniacts food, for example, FDA-approved chemicals must lie u.sed. Ifthe steam 
is u.sed for huinidificatinn, care must l>e taken that condensate corrosion inhibi¬ 
tors be safe and odor-free. 

Scale, Corrosion, and Foam 

riie chemical products used should control scale, corro.sion and foaming in the 
boiler, and corrosion in the condensate system. The types of products used are 
similar to those used in industrial systems; however, they are often blended and 
packaged so as to be convenient and easy to handle, feed and control. 

Hot water “boilers" are really misnamed since they do not boil water and pro¬ 
duce no .steam. 'I'hey heat water to 180-500“F (82-260“C) in a vessel almost 
identical to a steam boiler. The heated water is circulated through the building 
to various heat exchangers and radiators and back to the toiler. 

In addition to hot water boilers, which use gas or fuel oil for heat, there are 
also electric toilers. These use either enclosed, clad type immersion heaters, or 
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resistance heaters, which operate by a flow of current between electrodes in the 
boiler water, which is conductive Ixrcause of its mineral content. 

These .systems are ilesif^ned to be closed, so theoretically there should be no 
makeup water required, but normally a small amount is required to replace that 
lost by leakage of liquid or vapor. In the.se systems, the primary concern is pre¬ 
vention of corro.sioii. Scale formation, although not usually a major factor, can 
also occur in hot water iMiiler.s. This may be caused by a coinbinarion of high 
hardness water, used to fill the system initially and to provide makeup, and 
the high temperature of the bciiler tube surfaces. The gradual ac:cijniulaiiun of 
calcium and alkalinity precipitates C'^aCOa. 

In addition to corrosion and scaling, loamiiig can also occur, rhis can lead to 
severe cavitaiinii-ero.sinn in recirculating pump impeller.s, caused by the im- 
pingeinent of foam bubbles on the metal at high velocity. The prelerred chemi¬ 
cal treatment in hot water boilers is a horate/nitrite based product. Such prod¬ 
ucts contain a mixture of corrosion inhibitors to protect steel, aluininuin, 
copper, and admiralty: a scale control agent: and high and low teiiiperaiure 
aniifoanis. This treatment is initially charged at high dosage levels for inaximuni 
proteclion. Since hot water boiler systems have little makeup and the clieniirals 
are relatively .stable, only small additions of treatment are required iherealier 
to maintain protection. 

Occasionally, hot water systems require high makeup, caused by excessive 
leaks of water or vapor frcjm the .system. In some cases these systems are ver\ 
extensive, such as in a university complex with a majoi prn'tion ol the system 
buried unclerground. This makes repair of leaks cusily compared to the cost 
of makeup water, so the system has to be* trealerl acconlingly. Mainiaiiiing high 
level do.sages of a horate/nitrite based inhibitor bectnnes prrdiihilive ect»iiomi- 
cally. Under these conditions less expensive ireatnienls are used, riiese siilJ 
provide acceptable protection, but need more niieiition lor control of chemi¬ 
cals. Into this category lall .sodium .silicate ireaimeiits, combination hydra/ine/ 
amine progiams and glassy phosphate treatmenrs. 

AIR CONDITIONING SYSTEMS 

Most large buililings, shopping centers and .similar in.slallations use water-ciMiled 
air conditioning units. 'I'liese fall into three categories: 



Figura 37,4 Packaged water chiUer, using a rccipriH:aLing-ty|)e 
tompresMir. {Cmirtesy ofThtf Trane Company.) 
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Fl9ura 37.5 \ iintiifn^'Lil i\^m Luinpussoi is used 

III this ()aik«ifri ic(iigtiaiiiMi iinii {(ouUt'^y of Iht 


1 Ki (ipiiHaiinj; (tiiiipirssui units iisuallv tire Hit alls iliivtii anil usinj^ 
hi (Min’’' as thr it'fii^iManl 

1? ( I nil if ii^al (()in|ii rssiii uniis ilnvtMi h\ tlfitiii iiiniui, suani lui hiiu, oi 

^as eii^iru', alsn use hieuii as iefn^eiani 

‘I \hsnipiKiii 1 eliiffciatuiii mills, in v^liiih ihi* iriinjL’iani (uairi) is ah- 
sniberl in t nriuMiLialed lilhiiim biuiiiiilr solulinii, anil ihrn exapiiiaipti b\ 
steam (I ijrme :?7 b) 

In the iLiipinialin^ anil teiiliiliigal sssu-nis, ilu luil nuiipiesst il itfrii»eianr 
\apiii Ilf SI passes llniHi^li a isatei-UKileti iniiiltiisei (iisualb a slu'll-aiHi-liilH' 
ivpe luMi exibaiigei) ulieie ir is t imiIciI anti lontlenseil min a lii|Uiil 1 inm ihcif 
It passes into an esapmaioi (tninmmiK tailed a thillei) when it cvpaiids imtlei 
leiluied piessiiie mm a iimiI \apoi I be \apni is iisml in extiail luai and is 
then lecnmpicssed, icpeatiii^ the isile (ligiiit M 7) 

Ilu watei used lu tiwil the refii^eiaiil iii llie iniiileiisei is nsell tnnled in a 
lypital trudmg ttmei, and ihcii leiytled baik m ihe inndenstM l\puall\, 
eiileis die Limdenser at HO MO^h (28 Vri), and leases ai 00- I00‘h (V2 
Ibis IS known as die ufK’ii leiiiculalin^ jjoiiion nl ilu* tnnliiiff w.ilei svsiem, 
suite ihe tooling Inwei is open in the aiinnspheii* 

I be evapoiaLm, nr ibdiei, also a sbell-aiiil-liibe i\pc lieai evchangei, pro¬ 
vides cbilled watei loi an londilioning ssstems When the inndeiised lefrigti- 
ani leaves die londeiisei. il has been cinded, bill is still at a high piessuir When 
II eniers the tube side ol the lIiiIIci, it expaiitls to \apoi m passing ihiough an 

* Registered irademaik of ihe I: I du Pont de Neniiiui s ilc f n 
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Figure 37.6 An absorpiion-type rcrri^eralinii syslcni. {Courts uj Thi‘ 
Tranr Company.) 


orifice* or valve into the low pressure (or suction) sitic of the cycle. I’lie lieal l e- 
quired for this vaporizatiuii is extracted from the relatively warm [55°!' (13°Ci)| 
chilled water eiitering the shell .side. 'I'his cools the iliilleil water to about 
(8**^) for circulation inroughout the building in provide air coiidilioning. Flic air 
being cooled w'arms this water back to 55°F (13°(^), Ibr return in ihe i.hiller. The 
chilled w'ater system is not open to the atmosphere, and is known as a closed 
recirculating system (Figure 37.8). 

In simple terms, the heat within a building is ab.sorbcd by the (hilled water, 
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Figura 37.7 Typical air ccinditiuner schematic. 
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Flgiire 37.B Schcnialii of all LonipuiiPiiis dI a iiniiplt’ic aii-Lt>ii[litiiiiimg 

SVNlLMll. 


which then ^ivr.s up I his heal lu the iclngcranl in the chiller. I'he reirigerani 
is ihcn ciiiiipresscH and passed into the condenser, giving up the heat lu the 
open retirculaling tooling water. 'Fhe tiMiling water then gives up this heat to the 
atmosphere as it cvapiiiaies while passing through the tofding lower. An air 
conditioning system is noihiiig more than a mechanism designed to move heal 
Iroiii inside the building to the outside. 

Steam absorption units arc more complicated in iheii operation. They use 
water as a refrigerant, a lithium bromide solution as refrigerant absorber, and 
steam as a heat source to evaporate the water (Figure 37.R). Absorption units use 
condensers, cooled by watei from a LiM)ling lower, and ihillers to provide chilled 
water for air conditioning. From the watei treatment point ol view, the operat- 
ing principles of the open recirculating and chilled water systems are the same in 
all of the above systems. 

In order for watei ccKiled air conditioning systems to operate at design ef- 
heienry, careful atieniion must be paid to the condition ni both the open re¬ 
circulating water and the chilled water. The chemical makeup of water varies 
widely, depending on the source. Even water from the same metropolitan area 
can have a wide variation. For example, Chicago's municipal water, obtained 
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airborne dirt and silt are drawn into the* recirculating^ water. These impurities 
bernme siis|K'nded in the water, and tend to settle out in areas of low velnrily, 
.such a.s in heat exchangers. In addition lo impeding heat transfer, settled sludge 
causes corrosion and encourages microbial activity underneath these deposits. 
A dispersant may he ailded to keep the pailiculates in suspension, until they 
are eventually removed from the system with the blowdown water. Dis|>ersants 
are available as separate products, or they can be included in the loriiiulation 
(il multi-purpose profliicts which also cnniain stale and corrosion inhibitors. 

Trohlenis can be caused by aerobic slime-forming miiTfHjrganisnis, anaerobic 
bacteria, molds, yeasts and algae. Slime-forming bacteria cause loss of heat 
transfer cHiciency in mtidenscr.s; in severe rases they can compleiely block the 
flow of water through the tubes. 

AiiaerobiL bacteria generally grow under lieposits in areas wdierc no oxygen 
is available, 'fhese produce corrosive bvpioducLs such as hyilriigen sullide, 
winch ran eat holes in piping rfuiie lapidU. Algae growth on lower derks and 
oihei aiea.s expnseil to sunlight laii iK-ciinie so severe as to plug the diuin holes 
nil the low'er ileik. 1 he application ol mirrohial loriirol rhemituls is essential to 
lorieil these prohirnis. 

(iloseil (liillerl w.iier i er in ulating systems, like closrrl hot water svstems, are 
geiieialh not susLCptilile to stale loi matioii, sinir little or no evaporation 
III LUIS 111 j pioperK ij|H‘ialnig svsleni. However, leaks and evapoiation can 
lesuh in scale lornialioii. 'The primary goals in lieating these systems are to 
prevent metal iniiosioii. to tontiol aiiaerohu inici iinigaiiisiiis, ami to prevent 
foaming 

1 he pieferreil ihemiial treaimeiil ior lonosion, stale and foaming is the 
same as Jiir hot water Ixiilers—a boiale/nilrite based iorrmilation lontaiiiiiig scale 
Loiitrol agents and aniifoains. 

I.ile cannot exist in hot watei svstems, beiause of the liigh leiiiperfilures 
involveil: lint microbes can and do grow in chilleil watri systems. Typical 
evaniples are iiitrate-i eduting and suliate-iediiiing bacteria. I'he end result of 
the aclivilv nl these microhes is corrosion of the system metal. whiLh can l)cconie 
seveie. Ptopei control is maintained hv periociii anaivsm nl the water and by ihe 
appliialion ol biocides when neiessary. 

In collier ilimales, the ailclilion of ethyleiie-glviol antifree/c solutions to both 
hot and chilled water systems is iimimon. The chemical Lreatmeni seleiled 
must be rnnipalihle with the antifree/e. For example, borate/mlrate based in- 
hiliiiors aie usually toiiipalible, while chrnmale baseil inhibitors are iiol. 

An example of an iiistiiutional aii londitioiiing system is show'ti in Figure 
'17.1(1, repiesenling a typical hospital installation. I'be lomplelelv autonialed 
ihemical leed system for the open cooling lowei is shown in Figure 117.11. 


DOMESTIC WATER 

Dfiinesiii watei is that used for drinking, iiNiking, balJiiiig, w'ashing of dishes 
and clothes, toilet Hushing and lawn or garden sprinkling. It is usually muniripal 
water, hut may be from private wells. Because ol the large si/e of modern 
buildings, hot water is often recircidated throughout the building from large 
holding tanks. 

Dniiieslii cold water problems are limited to corrosion nl the water piping 
and holding Links. Domestic hot water probleni.s include both scale and cor- 
I'osion. T'a.sles and iMlors may be the cause of occasicmal complaints, but these 
ate not major problems Ixuau.sc they do not involve et|uij)iiient damage and 
they apply to a very small |ierrenlage of the total water used. 

The corrosion in Imlh hot and cold systems is caused by (1) water that is 
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Flgura 37.10 Ihrsi iwn Jai^c « lmiiii1u|>.iI ihillin^ Iiuiiliiiirs Iinmili loi ilu .111 :iiir1i 
tiDiiing 111 iiri iMiiiir luispital {{ of ( atfHt ( titpinttfitm ) 


iiaruitilU cntiiisivr as supplied ui tiu Ijiiililiiif*, anil ( 2 ) llit iisr nl a /rnliu 
snIlLMiei, which irplaics and ( a ions wiih \a 10ns, 11 ralin^ a 111011 1 01 iiisiM 
suit waU'i 

Si air 111 hoi wain s\ sinus ociiiis 111 ihi* hoi wain he aln iiihrs .ind is taiisnl 
b> ihc pmipilalioti nl ( a( 0 |, wliiili hnonirs 1 i*ss soliihli as ilir li'inpnaluii 
iisrs \l pirstnt ihnr air no Frdnal ir^iilalimis fro\n 11111^ ihr nsi ol 
ihi'iiiicals 111 priialilr wain s>stniis wilhiii hiuldin^s, llii* arirplnl pi.uliii is lo 
Lisr oiih ihosr iliniiuals lhal air appiinnl Im iisr in iiiuniiipal w.iln sii|)plics 
riirse ihcniiials air usualh poKphospli.ilrs sotliiiiii siliialrs, 01 coinhinaiions 
ihriroi I hrsi piodiuts pinxidr hoih siair 4 ind loitosion piolrdion 1 hi si 
ilirmuals au apfilird ihioiijirh ihr simplr lirrln shown iii Im^uii ')7 

WASTE TREATMENT 

111 ihr building and insiiiiitional firJil, niosi iiulnidual iiisiallalions rlisih.irgr 
Lheit wastrs into ihr iiiiiniiipal srwn s>sirm In sonir wairi-slioil airas, suih as 
Los Angeles, iioiiioiitainiiialrd wastes iiia\ hi segirgaird liiini 1 oiit.iminalrrl 
waste, stub as doiiirstii sewage, loi teiinei) anil irliiin to the poiahh wain 
soul I r 

riirie are leilain loiiinieiilal oprialioiis, suih as lauiiiliies, wheir stiong 



Figure 37.11 An auifunaiecl 
feeil anil lonriol s\sieni I in an 
an t iindiliiinei iiNiling tiiwn 


















Chapter 38 

Cooling Water 
Treatment 


Most (it the water eniplii\erl lor iiiilustrial purposes is used for coolinjE; a pnidurt 
iir pi (Hess. '1 lu* 'ii\aihiliilil> of w.iiei in most indiistriali/ed nieas and its high heat 
(.ipa(il\ ha\e made water the laxoied heal itanslei inediurii in industrial and 
iiiiliis type appliLaiions. Direti air tooling is finding iiureusing use, parliiularly 
111 water-short iiieas, but is still far behind water in total nuiiihers of applieations 
•ind total heal tiansfei loading. 

lJuring recent sears, the use of water loi eiNiling has come under iiirreasing 
siriiliii> from both eiiviroiimenlal and ionservalional points ol view and as a 
result, ecMiliiig water use patterii.s are rhanging and will eoiiiiiiue to do so. For 
example, many systems pas.s eooling water through the plant system only once, 
and letiirii it to the w'aiershed. This creates a high water withdrawal rate and 
adds heat to the receiving stream. On the other hand, riMiling towers permit 
reusing water In suiii a large extent that most iiioilern evaporative cooling sy.s- 
tenis employing ccNrling lowers reduce* siredin withdrawal rales bv over 91)!^. 
I liis siibslaniiallv rediu'cs the heat input to the stream, but not to the environ¬ 
ment, since* the heat is lraii.sferred to the air. 

These changes in cMNiling water svsiem design anil operation have a profound 
imparl on the rheinislry of waU'r as it inlluences corrosion, deposition, and foul¬ 
ing potential in the .systein. This i hapier reviews the indiislrial ojK'ratinns whiirh 
ii.se water for ciMiling piirpo.scs, the problems ol corrosion, stale and fouling in 
lhc.se systems and how these ailed plant pri Hindi on through loss of heal tran.s- 
fer, equipment failures, or both. In addition, various rinding water treaimenl 
conrepis are c*xainincd and the c'ontrcd priKcdiires required lot their success are 
disi'ussed. 


HEAT TRANSFER 

Heat transfer is simply the movcmciii ol heat from one body to another, the 
hotter being the source, and the ccMdcr the rci'civcr. In tooling water systems, 
•he product or process being ccMded is the source, and cooling water the receiver. 



CooJing water usually docs noi contact the source directly; the two inaterials 
are usually separated by a barrier that is a good conductor of heal, usually a 
metal. The barrier that allows heat to pass from the souire to the receiver is 
called the heat transfer surface, and the assembly of barriers in a containment 
vessel is a heal exchanger. 

In many industrial heat exchangers both the source and receiver are liquids. 
If the source is steam nr other vapor that is liquefied, the heal exchanger is called 
a condenser; if the receiver is a liquid lhat is vapori/ed, the exchanger is called 
an evaporator. 

The simplest type of heat exchanger consists of a lube or pipe located con¬ 
centrically inside another—the shell. This is called a double pipi^ exchanger (Fig¬ 
ure 38.1), In this simple exchanger, proce.ss liquid Hows through the inner lube 
and cooling water through the annulus between the tubes. Heat Hows across the 
metal wall separating the Huids. Since both fluids pass through the exchanger 
only once, the arrangement is called a single-pass heat exchanger. If both liquiils 
How in the same direction, the exchanger is parallel or cncurreni How; if they 
move in opposite directions, the exchanger is a counter-current type. 

Progressing from this exchanger, more sophisticated units are ilesigneri to 
improve the efficiency of the hear exchange process, figure 38.2 shows a shell 
and lube exchanger. Receiver and source could be located on either .side of the 
barrier. 

Another simple heat exchange device is the jacketed vessel, with [:(H)liiig water 
passing through the space fjctw'een the double walls of a chemical reaction vessel, 
removing heal from the prDces.s. This design is like a thermos bottle, bill in this 
case, the double wall is used for heat removal instead of insulation. 

Removing Undeelrable Heat 

Once a receiver completes its job and cools the sniii'ce, il contains heat that must 
be dissipated. This i.s accomplished by transferring heat to the environment. In 
once-through systems cool water is withdrawn, heated, and returned to a receiv¬ 
ing stream, which subsequently bcconies warmer. In this type of .system each 
pound (0.454 kg) of cooling water is heated 1°F (0.56^^) for each Bru (0.252 cal) 
removed from the source. 

In open recirculating systems, water is evaporated; this phase change from 
liquid to gas dLscharges heat to the aiino.sphcre instead of to a stream. Evapo¬ 
rating water dissipates about 1000 Rtu's per pound (555 cal/kg) of water con¬ 
verted to vapor. When evaporation is used in the cfM>ling process, it can dissipate 


Cooling water out 



Outer tube ^Inner tube |cooling water in 

FIgiirv 38.1 Double-pipe heat-cxchanger units like this may be assembled from 
a number of common modules to provide the necessary heat transfer rale. 
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Figure 38.2 Sinipk di iail tif shill and luIw hiai i vili Iln naiLi Ini\ 

ma\ U diMf^nid loi as iniii> as ii^hi passts ind a vaiiiis of iiinlifriJiatiuns 
of slull side halflc-S iiia\ Im. used tn impiiisi hrar iianskr (u) Stvrial uatL*r 
Inix aiiati^tiiKiils lor lube side* ctHiliiij;; (h) Assembh nl simple lwi> pass 
ixrhari^ei with L iiiljc*s 


50-100 times more heat to the ensitoninent pei unit of ssaler lhan a nnnLvapo- 
ratisi s>steni (I his is explained m more detail in a latei setlion of this ehapter) 

Senalble Heat Trenafer 

1 ht two most lommon \sa\s heat is tiaiisferied liom a sourtt to a leteiver in 
till heat LXiliange pi mess are roiiduition and LonvLLtion Heal flotss liom a hot 
souiie ihioiifrh a heat txihangt suilatc In the ntliei side by luiidiiftion Heat is 
then lemoved from this hot surface b) diieit contact with ciHiling watei also by 
londuLlion Subsequently this heated water then mixes with othei cooler water 
111 a heat tiansJcr process called coiiveilioii 

1 he fi\e faitors contioiling londuitive heal liansfei are 

1 1 he heat transfer ihaiactc]istics (theriiial coridutUvily) of the harriei 

2 Ihe thiikness of the heal transfer barrier 

5 1 he sui (ai e area of the bar i lei 

4 Ihe temperature difference between the source and the cooling water 
(the driving force) 

5 Insulating deposits on eithei side of the barrier 

Of these five lactors, the hrst three are mhercnl in the design of the exchanger 
Items lour and hvc are operational tharacteristics chat change depending on 
the conditions of serMce Deposits on either side of a metal barrier have a lower 
thermal conductivity than the metal itself, so the rate of heat conduction is re¬ 
duced hy any deposit For example, a buildup of 0 1 in (0 25 cm) of calcium 
carbonate scale on a heal exchanger tube wall may reduce the latc of heal trans¬ 
fer by as much as 40% 

This reduction means that the cooling water may not remove sufheent heat 
from the source as required by the process rhereiore, production must be 



slowed or ihc flow of cooling watei must be tiui cased lo maintain the same cool¬ 
ing rate that prevailed before fouling dcvelo|>ecl trcqueiith the latiei is nol 
possible 

Heat Exchanger Design 

In the simple, single-pass heat exchangei niiied railiei (tiguie 38 1), Ixilh fluids 
pass thiough the exihanger oiil\ iiiue, so this is known as a single-pass cx- 
changei I he tounteriui rent aiiaiigemeiil in which soiiice and leieuei liquids 
flow in opposite diieaions is siipciioi lo the UKuneiil design l>eiaiise it pin- 
vidcs a grearei rinsing loire (nieasuied as a mean tini])eialiire difleieiiie) foi 
the same leiminal iem|x'iaiuies, Itss suifact aita tan liansfei llie same amount 
of heal (aiunttiflow shell-and-iuiie exihangeis aie iluis more iiirnniimls loiinrl 
because mote heat can Ikt tiaiisleiied hn a given sel ol londitioiis 

The pimcipal disadvantage of the d«)uhle-pipc exihanger is tlu small heal 
tianslei siiilace pioviileci hv a singh tube relative to the lotal span Teqiiiti rl loi 
installaiimi lo offset this liiiiitalioii, niodein exchangiis imiease ihr eHiiiivc 
heat tiansiei stiiface aiea b\ using miilople lubes in tlie shell I Ins allows moit 
iiiLimate coiitacl between the soiiur and lecenei \lsii niosl iiulusliial heat 
exihangeis cMiiplov multiple pass designs Bolli ol these lechiii(]Lits lonihiiic 
effuieni heal tianslei with piaitical equipinLiil si/mg tigiin 2 shows a don 
ble-tiifie pass, single-shell pass exthangei In almost all iiiiiis of this kind wain 
flows inside the lubes, with proiess fluids on tlu shell siik, oulsiile ihi uihes 
Hf/Wevei, theie are ruiuhle exceptions, and aiiv iinesiigaiion ol ht.ii I'xchaiigii 
pet fill inane e iiuisl ftegin with idi iitificaiKin of the shell side and tulu sidi lliiiils 
Poi Lonvenic lu c ihis text c onceiitiali s on i onv entioiial flow with fording walLi 
in the tubes and piiHCss fluid in ihe sinII 

In the design rd heal exihangeis, du engmeLi obtains lioin handhooks luat 
Iransfei lates in Hui per hoiii i squaie lool ol siiifaiL ]>ei null of ban in 
ihiikiiess, pei degtee id Cempeialuic diffcieiue or I , - Hiu/lu/sq li/m/°1 
(tal/hi/m^/cmrC ) lor a given heal exchange iiilit si/e, whuh ina\ he sumdaul 
i/ed in specific designs such as condenseis, since iht wall Lhiikni^ss ol die liiht 
IS known, the tianslei talc ina> he shot tent'd ro 

I i - Biu/hr/sq \iJ^\ 

^ (tal/hi/m-*r( ) 

Ihc expression inav hi iuithei leihued Ini hxeci pioccss lempeialuic lonrli 
linns to 


L , = Rtu/hi/scj It 
— (cal/hi/m^) 

And firialh, a given excliaiigci in a fixed appliiaiion which shows lillk ihange m 
lempeialiiie conditions mav simplv be lated in lotal heat tiansltr in Bui/hi 
(cal/hr) 11 the heat flux in Biu/hi falls off, then an invcsiigation is needed to 
deteimmc if Lius is due lo ihanged lempeiatuie conditions, insulating deposits, 
plugged lubes oi some other factor 

In most prcKCss hcMt ext hangers, heal flux avciagcs 'inOfl-hflOO Blii/hi/sq It 
(120-150 Cdl/hr/m^) However, heal flux in some excliatigeis excec'ds 30,000 
Btu/hr/sq It (750 cal/hr/m'^) when vapor is condensed on llie piixess side fiaiis- 
fci rales also vary considerably with walei flow velocities (Figure 3H 3) 

CcMihng water temperature vanes across the cioss sertion of a tube, the hniresl 
water being that contarlmg the tube wall Ihe lciiif>ciaiuie of die lube wall, 
called ihe skin lempeiature, is ini|Xiiiant in designing chcmit al tieatmcnt pio- 
grams Foi example, where high skin temperatures occur [above 200°F 
the plant ran find the most probable locaiioiis for scale formation and corio- 
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Figure 38 3 Ilf it uanski m 

itilLlLlllS lIi iTIfff V\llh \LllUlt\ 

lioih III! shell siHl anil iiihi side 
I iiiltiiin shill sidi \(lrHit\ ( in 
not Ih iihiiMil Iki nisi iit liini 
I itiiMis in In 



Slim Mills ii)in|M)iiiirls Jniinrl in wiui Iniiiud Llt]>i>sils in hss snliihli it in 
Liiistrl ii inpii (Hill i s inrl (niuisiiiii it icliniis pinittci idslti al Llixatcil 
U inpii Hill IS 

J iilu sifli loidintr v\ 111 I silniiri is usii ilh ni iint.iitu li alxiM 2 ^ fl/sii 
(lU) 0 M iii/sLi) in IS hi^li is 7 H ll/sii (J 1 J 1 iii/sti) in lit Ip Kli]) tht liihe 
wills lilt Ilf susptniliil siilids dipnsiiifiti Inwii xtlniitits liiidim liibL 
iltpiisils In Ini III In llii sillliiiir nut of siisjii nili tl solids In a Imnilli nl tuhis 
[jiiliips onh DHL lulu 111 iv hast a low mIoiiU diit In pliii^^iiu^ ni pool ilis 

II iliillinii 

0(1 isinii ills liif>h piissuii^ on ilii pi miss siili in iki it innit iiniioinud to 
ill sif^n lilt (mIiiiii’ii with looliii^ whli on tlu shill sidi One m ijoi pinbkm 

III siidi ivdiingus is ilu low How mIoiiIils lii(|iiuill> uuouniered itouiid 
balllis lulu siip])oils iiid tiilu sluils t\in wlun llii i\ti i^i flow m 1 oiiI\ 
iliimil’ll till slull ippi us iiLLpiiblL i liLsi low vdiuHv iKisi’itath iiuiiasL 
ilu poiiniiil foi diposiis mil i ipid until ill It i loi iiion 1 oi ixaiiipli mild 
sittl i\diiii^(is with wilLi on ihi slidl sidi lust hem knovMi to fail lioni 
pi dot iiioiis 111 is lillli as ibnt inoiitbs i\tn in ilu piEstiUL ol i stioiig loi 
10S10II iiihibiioi liki diiniiiili 

I lull lit tliiiL bisii tspis ol (iioliiif’ w ilii svsiLiiis milt ihtoii^b dostd 
iiiiiiLil iiiii^ (hoiks ipm iiivt) iiid opiii 11 iniiilaiiiii; (t\ ipoiaiixt) 

OncB-Ihrough Cooling 

OiUL Lliimil’ll w 111 1 IS lakin fioin tlu plant siipph pissed ihioiij>li tlu iooIiiik 
svsiLiii and itliiiiud to tlu i it using biul> nl wilii lUal has httn piikid up 
Iroiii iliL soLjiii Ilu ihul diaiadeiistu of onu thioiigh wuii svsiims is tlu 
idaLiSLh laii^i (jijaiilil> ol w.iui ilial is usii ilb iistd Ini looling \ simpK How 
(hai'iaiii fni a onu lliiougli lonling ssatii s^sltin is shown in liguit 1 

1 hi pinuipal wiui sidi piobliiiis i ni ounti 11 il in onu lliioiigh moling 
svsiims ait 

( fttrosntu IS a fiincUon ol waUi iliaiaittiisiiis and ilu metals in tlu svsUin 
( OI I osion i (iLisL s pi e inaliiii nulal failiiti s diposiis ol i oi i osinn pi oduiLs i eduit 
luuh heal iianski and flow lalis 

Sfnlf IS (aijscd b> pi 11 ipii iiion ol lompoiiiids that btLoiiit insoliibli al highei 
U iiiptraliiits siuh as laleium laihonau Sialt mlLileits with luat transfer and 
iLdiues flos\ 

I uultng icsuUs liiiin tlu stilling out ol siispeiultd solids lonosion piodiiils 
and miLiiilual masses I oullll^ lias tlu samt elTeti nii tlu sssIliu as sialiiig but 
liiiilmg also piomolts stvcie Loirosion undti deposits 

Ihe tieatmenlol niitc thimigh teudiiig walti feillows the basu piintiples used 
in solving all cooling water problems Iht hist step is in pioptily ideiitil) the 
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Figure 3B.4 lvpi(>il onci* ihiou^li 
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piohlrm as scale, loii(isiiin, friuliii^ iii c Diiihiii.uiiins i>l ilitsi i.iiKiis I lu iu\t 
step IS a tiiriii>n|rh sui\e\ in iiiirlei sUiicl IniiH the ptiKiss anil u.itei suit nf ilu 
system K his establishes ilu* s\sL( rn iltsi^n npcialinf^ i haiiuitnsius iiirl u.itti 
ihemistiv, iiii|M>iidnl cuiisicleratioiis lor seleitiiif; .iiid <ippl\iii(( 4 I n liahli 
economical tiialiiiiMit |iio^aiii Speiial Lonsifkialions ait ^ntii to s\stems 
lestiicteil to six'riiii Inaliiienis, iht potential loi iloss-coiilaiiiinalioii ol ualci 
with process or piiKhici mas not |r*i mil eiiiploMii^ thi most illidivi iii.iiineni 
Some oiHe-lhrou|rh s\ stems use plant watii lot ill inking as util is loolnij; 
theic*b> icqiiiim^r Lhciniials ihai are sale for potable use 

A typical ihemical tiealnuni pioi'iani loi toiiosion loniiol iikis use \aiiniis 
types ul inoriranii phosphates alone or svneiji^i/eil with /me otlui iiior^atm 
ions, or siliiates When applied at the lou lestls itquiicrl loi ciononmal Heal 
inent ol otue-thioiigh systems thi se rnaiiiials loim no \isihlt him on the im lal 
siiiiaie, nevt Tthi less, they lan lecliiii the lonosion tali lt\ .is mm h as MO'r 
ovei rioii-lieated systems ( ouosion ])role(lion is piosided bet ausi iht ihtnii 
cals ait at the point ol |M>lential metal loss, hiiirlirm^ tin toiiosion tiatlioii 
and tlierebv iciliuiii|r the amouiu ol iiulal r(iiin\ed liom llit siiilaii 

Whcie stale is a problem, it is most olleii raliium caibonali lesultm^ horn 
a rhalite m the stability index ol iln uater Olhei frec|tientl\ ciuounteicd 
scales iiuolve 11 on and mangalUse 

I here' are luo basu appioaches to the pieventinn ol caliiuiii lailMiiialc stall 
on heal iranster siirlaces and ni disinbuiioii lmi*s 

1 Inteileie uith the polciitially sialiiif’ ions and pieveiii ciysial ^rouili 
Inorgaim |Milvphosphates and organopliosphoius Lompoimds are noinially 
used alone 01 logelhtr for this purpose (threshold iieatmeiil) (>i tasioiially 
acid IS used 10 adpist the siabiJii) iiitlex 0/ the uater thereby pie\enlm^ ( aC Oi 
scale Acid will not loiitrol iron and inaiiganese stales Jt usually is not ilu most 
ecoiioimcal method lu treat high volume once-thiough systems loi prevention 
ol (.aCC){ scale 

2 (.ondilion crystal nuclei to prevent their giowth on heal transfei suilaces 
and transmission lines Ihis pnness ol ciystal modilicaiion iisc*s various aciylale 
ty|K! fompouncls, phosphate crmqiounclsr-both organic and inorganic—and 
natural organics 

Fouling, the deposition of paitiiulalc niatler or tniciobial masses, is a complex 
mechanism governed by variables suih as panicle si/e and chaige, waUi 
velocily, composition, and tcmperatuie, and bacteiial populations One ap¬ 
proach to handling this problem is to condition the tnulaiUs as they develop bv 
applying various compounds of acrylates, sequestering agents, naluial organics, 
organo-phosphorus materlals, and speuhe bacterial lonlrol agents and then 
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Hushing thL‘ luiKliLiinu'd maU-iial iiiil nf tht* sysrem I hr success of this .ippioach 
fir|H*ncls un ailrtjij.itr water \eliuuirs throughout the svslrin laiw velocity aicMs, 
such as 111 shell side*exchaiigeis, reactor jackets,and loinpicssoi jackeis, are likely 
to accumulate some sludge and may not be amenable to pioteclion 

A second approach iiisohi's ciisjM*rsing ihe Mispeiidecl solids into very tiny 
jiaiticles rheieh> |>reveiiliiig then agglonieiation into siiiricicMillv large particles 
that would rcMiliK settle out id the water I liesc small panicles can hv more 
c*asil\ caiiit‘d thiougli the system lire choice ol the ^>esl disjieisant for this 
|)iii|iose depends on ihi piohlein to he solved kach j^otential deposiung 
niateiiaJ (sand, sill, clay, loriosioii prociiiiis) icx]iiirt*s a sjrecdir chemical applied 
at ii dosage suHicienl to ilispeist Uic spixihc loiilani ( heiiiicals fieqiienlK 
used unhide sintairants, acivlales. high and low molerular weight arriniuc, 
laiioiiH .inri iioiiionic |)ol\niiis, seijiu'sieiiiig agents, and ingaiio-phosphoius 
I oinpoiiiids 

Most loiihiig jriohlems in all tsju's cd ccMihiig svstems ate (uiujdiLated b\ 
niitiohial .utiviiv SliniL ilejrosils on lubes not inilv inteileie with efficienl heal 
ii.iiistei, but Ml as a liajr to enmcsli siisjjeniied solids, hiilher im|jedirig heat 
ii.iiisici 111 ailfliiioii In piiidiiits id bacleiial melahiihsin iiilluenie water 
ilumisiiv, miluding ihi‘ teiideiio loi scale to loim oi met.! to ion ode Finper 
use of biocides aiui biodispei sanis can lie a iiiajoi step low aid solving .1 oncc- 
iliiough loiihiig |ii obleiii 

Kaielv do (oiiosinn, scale, and fouling oiciii iiidepeiiileiillv rd one* another 
I suall\ two ni all develop logcthcn to cause loss ol heal nanshi and |)ieni.itLiie 
iiu tal loss I 01 (‘x.imple, iiiinobial loiiliiig laii cause scaling .uui loirosioti to 
oeciiT coiiosion can eoiiliibiile to non foeihiig and eiuoniage more corrosion 
to 01 INI Jo buMk this ivclt', piopei |)riibliiii ideiilihcaiion is mipoitaiit lor 
seleciing and apjilviiig a piaiMeal, eioiiomical solution to anv cicqinsil |nc>hlc'iii 

Clossd RecfrculBling SysteniB 

\ iloseti Ieciiculating svstirii is ont* iii whiih thc^ walci is cmiikrteil in a closed 
loop with negligible evaporation or exposuie to the almospheie 01 olbei 
iidliunecs that would all eel the clu'inistiv ol the wain 111 the svstnri 1 hc‘se 
iisiiallv lenjuiiL high clieiiiieal liealiiu'nl levels, and since* watei lossc*s arc 
negligible (he‘sc levels aie eiononiieal High ijnahlv makeup walei is geiie'iallv 
used loi best svsiein ojieialion I liese svsleins aie* litcjiienllv e'lnploved tm 
mtiial loidiiig appliealions such as conlinnous caslits in the steel industry 
wheiL till shgliti'st clejiosil lioin anv soiiiie louhl cause ei|iiipint*nt fallene 

I iguie "1 shows a srmjilified closed 1 eciiiiilaliiig svsiein Hixit is liaiisfeitc*d 
to the closc'cL 1 oolmg water liMip h> tyjiual heal exchange ec|iJipiiienL and is 
lemovc'il lioiii ihe closed svslem lcici|i bv a seionrl evihaiige ol lieal It0111 the 
eloseil liiojj to a secoiiclaiv cooling wali’r ivcli Ihe setmiiJaiv loop imiid use 
eilhn evapoialive* 01 onec-tliii>ngh wjte'i icMrling, or an ecicding 

Velcuilv <d waiei 111 closed svsiciiis is gcneiallv ni the 3 i fl/sec (0*1-1 *5 
in/sei) range 1 einpcialuie rise usuallv a\t*iage*s lO-l'i*'! (ti-*)®( ), although 
some svsleins can exceed tins subsiaiitiallv (^eneiallv closed sv stems rc*i|uire 


Rgurs 30.5 1 or rrianv c 1 itn al 
iC|]plMa[iiiiis (d heal transfer 
water in a cinsetl limp is used lut 
lail-safe ilirniical eoniinl, and 
this IS LCNiled by an oprii sysleni 
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liltle or no mdkcup uatei except ioi pinup stal leaks expansion lank over- 
fhms and siitJait e\a])i>tation iiom sssttm viiits 1 his pciioclu niaktup 
itqiines itgiilai anihsis ioi control of con til iiiaiiiuni cluiiiiial rLsuluals 
( loserl s\stems iisualh (.oiitain a comhination of fliiiLiini nitlals whiih pio 
side a hif>li poUiilial foi ^aKanii initosinn 1 hi potiiitial lot dissolMil ox\^in 
attack IS {TMiciallx quiti low m closed s\slims bicausi of the smdl miooiit of 
make up watt 1 —ilii mam ow^en soiiiii Howisei in s>sicins lliai iLr|iiiii siih 
stantial makeup clue to loss of watei liom leaks owireii is (onlimiallv supjiliid 
and oxs^tn eoiiosion ptescnls a stnous pioblini Ow^in can al cksilid 
teiiipiiauiris oi al points ol hi^h he it liaiislei cause seveic pilling loiiosion 
SiiKt lelalivch little makeup is addcil to iiuisi closed leeiiiulalmi; ssslems 
It IS pi uliial and di suable to inaiiic iin the s\steiii m i emiosioii lice Loiiilition 
1 his is noi mall> aehicMdhv .ippUinj* tin om itis nitiiit/nili ale h iscd inhihitois 
Of soliibk oil t\pi tiLatnunis 

1 heoictiialls scale sheiiikl hi a mmni pinhkm m i ilosid sssiem since tin 
water is nor comciitiaied h\ e\apoi iiioii In i Inihth closed s\sum none ol 
the common scale loimin^ irinslitiicms deposii on metal surlaiis in mteileic 
with heat tiiinslci oi enioutage conosion 

V\ nil high 111 ikiup lalc s Iiowcmi athlition iI sl ili loi ms wilh e leh m w me it 
incut ol water added so th u in liiiu side heecmics sigmhe nil In uldiiioii 
ihcic IS nppcntunils loi sUidtrc iiisi iiicl scispciulicl solids to di op out it low 
flow points and bake on heat iiansfei siiiluis to Intiii i hurl deposit lime 
foie scale ictaidints md dispcisaiits aic iisualh iniliidcrl is piii of i ilnscil 
sssitm tieaimcnl pioiii im when mikeiip lates ni high Olun soli wilii oi 
condensatt is iiscil loi makeup to ilosid sNstiiiis ehpemliiig on the chiiie 
teiisiiis ol the s\ sic 111 being pi tile etc d 

Hci iiise watci eiiiulaliiig through i elrised sxstem is mil exposed to llu it 
inosphiiL louling h\ iiihonu sill iiul sand is laie llowesti Iniilmg b\ mi 
I rohial masses mav occui m dosed sssiems whtie makeup i ili is signitii ml oi 
pioress le iks incouiagL hielciial giowllis I he sc are eonliolkd with hinlogn d 
cfiiitiol agents IniUlulated in be coinpatihk with the ehcmiial tieatiiiciils iiid 
opeiatmg londitiiins found in closed systems 

It IS cksuable as a pait of toiilini mainlcniiuc to Mush dosed v\ itei s\steins 
with high pi c ssui L high \c lot il\ w He i to i einnvc ai i iiniiil iie d dc bus il make u}i 
rates arc high 

Open RecirculBling Systems 

An open rcciiculatmg sssiem inLiirpnialcs a coeding lowci oi csapoi uioii pond 
to dissipate the heat it icmoves linni the process oi pioduet An open rccneii 
laLiiig ssslLin (Figure fH h) lakes water lioni a eiioling inwii basin oi pond, 
pa&bcs It through process ecpiipmenl reijuiiiiig cooling and then i elm ns the 
walci through the evaporalioii mill where the water evaporated cmils (he water 
that leinaiiis lire ope ii leLiieulaimg s)sic m i epe als (his pi oe ess of reuse taking 
111 sufficient fresh water makeup to balance the water evapor ale d and that blown 
down Itoin du system to loiiliol the ehfiiiital charaeiii of the icciiculdling 
water I his greatly reduies wate^r demand (e g , withdrawal from a river) and ehs 
charge as shown h> Figure IK 7 

The following definitions are used to explain lire operation id an evaporative 
system and to permit the plant operateii to Lakulatc perfoririaiiec Figure b 
helps to clarify these dehniiioiis 

1 Rtnnulntwri nUt ((^) 1 he flow of ecKding water being pumped through 
the entiiL plant ciMding loop usuall> tooling a nunilrci of exchangers Q,r t^n 
usually be estimated from the ieeiriulaling pump nairieplate data however 
dilual measuiemeiUs are more accurate 1 he ai tual r eriirulation is seddom more 
than the name plate data and frequently may he 10 20Vf less A pump curve 
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Figure 3B.6 t \<i|Miiaiivi njoling sysUni usiiif> a i iMilinf; idyili 

W iliM mil sniiils li il.ini I s irt shimii 


iisLiftlh .i\.jil.ihlr hum ilii iiiiiiuiftKiLiiii, pliMs iiuiiiiilatin^ Him a^aiiisr liiMrl, a 
piLssiiii i^aii^i* nil lilt |iiim|i rlisiliai^i shnulcl piuviilr a irasniiabK aicuiale 
isliinau nl Him 

2 Iftfipfintuft fhfffifntiai (A/) Lius tcim itti'is id the rLillLicnie lielwccn 
lilt avria^t waUi inupL'ialine ittuinin^ to ilu Inuer tioiii llie plain exthaii^- 
(is (/ ) anrl ilu aMiairt walei U iiipeiaiiiic iDllcmin^ evaptualiiiii (/ 1 ) (tower 
hasiii) 

) ] I ft/tojfjfiOH (/ ) I hi waiei liisl Ui iIil atiiiDSplu ic in Liu i Doliiif'pi mess 
[^piH (niViniii)] lilt L\aprii atioii lalL is ilt pt iiileiil on ilic dinDiiiil nl waiei 
Ihlii^ tDoleil (Of) aiifl tiu lein]3t laiiii l ilifli i eiiiial A/ \s a lule ul lluimb, Ini 
laih 1()"1 C) b^( ) iLnipt raliiit tiinpaiToss ihr i xapoiatiim pinirss, 1'^ ol ilie 
Killiiilaiimi laii ((^, ) is txapnialeil Lhtielfiie a 2 ()'’F (II 2 °( ) A/ atinss a 
Lonliiifi limei pindutes an evapDiaiion loss of 2*i nl tht reciit illation lale 

(0 02 a. 1 ) 


/ =<i X 
/ -d X 


1000 

{I 2 /.) 

■jbO 


(Meliii) 


I he ainoiJiil nl e\a|HiiaLii)ii that tan take plait ovei a ^vin Limei is limilLcl by 
1I1L 11 lain c huiniilils nl iht an Kelalixe tiuniirhiv is rleit iinini il by measuiing 
the vs el anrl fli> bulb Leiii]K*iaUii es nl the an 

4 ( rri/ifj {Cli) Makeup to a leiiiiiilalini; Lonliiifr waiei sysleiii 

toiilains iJissnlvLil iiii]uiiiiirs Ilu eva|)niaLiii|' watei pinilufes pine H^O \apm, 
leaving bclutul thest iinpiiiilies I he laLiii of the t oneenlialums of salts in the 
Liiiiilaiiii^ waiei (t n) In those of the makeup (f i#) is the coTuentiaiiim lalio 

Suite the input solids must ei]ual the output solids, 

Af xf|| — ^ X C jf 

wheie Af is the makeup flow andZi lepicsenls loss ol lonieiiliated water 1 here- 
ioiCi the i outenti anon latin is also 

(li = M/Ji 

1 hcCR should be laltulated I 01 a iuirnlx;i of individual components in the water 
because of interfeieni es 

a The f R would be abiioitiially hif^h if based on a lonstitueni added lo the 
system toi example, SC) 4 ~^ is iiiLicased whcie sulfuiu and is added fni pH or 



3B-10 Ihm NALCO Water 



Figure 36.7 Rt'ilui 111111 of inaki up Him h\ i()ii[iiiii.iiii)ii in an i\apiiiali\( 
luciling si rill 


alkalinity i (Hill 111, (J is iiittiMsril bv i hliiiiiiatiiiii SOi * iiia\ alsn hr ini i r.isi il il 
ihr plant atintisplici L tiiiiLiiiis SO^ lioin c iinihusliiin Rasrs 

h ihc ( H uinilfl Ik aliniii niall> lim il basril iin a i [instiiiic nl isliiih pit 
cipitates finiii the s>stcin J nr rvainple, ( is ilciieasul il ( a( ()i ni ( aSO^ 
scale IS ini 111111 ^, SiOi is riei leased if it pieiipilaies ni is ic inns eel l)\ aclsni piinii 
on linn pieiipiLales 

Beiause nf this, it is useful in (akulate the f Ji fni raili cnnstiiiieiit in tin inin 
plele walei analysis As sliimii in 1 ii^ute SH 7, i veil a small de^ii i nJ uiruuilia- 
tion enoiinniisly reiluirs wain demand, anil the piratei tin ( H ilie limei the 
demand as ihe eyapniaiiiin lale is appinailitd as a luiiil 

5 Makeup (^f) Ihr flim nf ^atei ii(|UiiL'd tn irplaii the naiti Insl by 
eva|M)raiinn plus that beiiif; Insl ihinu^Ji blimdnwn, limei dull, fmif nihei mis- 
lellanenus hisses 11 is usually mcasuied by a flnw melei, il nni it may bt lahu- 
Jaied as slinwii bi*lnu 

6 Rhwdoum (B) Suite puie water vapor is disc hailed by i vapniaiinii, thr 
dissolved and suspended sniids left behind rniuenliate If theie were nn water 
loss nihei than eyapnialinn, these solids would tuntentiaie to bniie, Lansing 
massive scale and coiiosinn In balaiiLc this, iemulated flnw is bled trnm the 
Lirrulalmg system Ihis blowdown {Hh) is calculated and innlrolled tn temnve 
solids at the same late at which they aie intiodiiLed by the makeup 

There ate other non-regulated losses from the system One is drift (Hu), the 
otliri IS Icakajj^e (Bf), sometimes deliberate but usually arcideiital 1 hese are 
included in the total blowdown calculation, 

B B/i "f“ Bit 4" Bi 

Blowdown is related to othei laLlors thus 


and 


B 

B = M/CR 
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7. Drift (Bu). Kvcn thf)ii|rh evaporating water is pure, some water droplets 
escape as mist ihiough the evaporation eiiuipment. In modern riMding towers, 
very iniriiaie mist and drift eliniinalnrs may lie added to reduie this droplet 
io^ss to nfioiJl of l/ie rerirL'ti/atinii rale. A mnie usual dn/t loss in (oji> 

M'litioiiid i-onling lowers is in the I'ange nl tl.0.5-0.2*/^ loss based on the rerireu- 
latiriM I ale. Siiue drifl loiiiains dissolved solids it is really a portion ol the blow- 
rlriw'ii. ill the iibsenie ol a aintrolled blowdown, as when the blowdown valve is 
deliberalelv rlosed, drill establishes the maximum conientration ratio in the 
ahseiice id other system losst's. 

K. Sy\trm hs\f\ [Bi ). (iiri idating water ma> be lost in the plant lliiough pump 
Ol valve leaks; by lap oil lor oiue-llirough iiMiliug ol pump glands, lompressor 
jackets or beatings; or draw-oil loi siuli uses as ei|iiipiiieiit or IlfN^r area washup 
when die tooling walei line happens lo be ilose lo where w'al(*r is needed. In 
iiiaiiv plants, niisiellaneniis iliaw nil ol ret in iikiting iiMiling wMtei is so great 
dial il IS impossible In build up die t oiii enlralion ratio ovei 1.2-1.5. This 
si*\erel\ limits die seleilion ol an eionomii'al ihriniial tieatuieiii piograiii and 
pievi'iits efleitive toiiservalinn ol water. 

9. Hotfhiiii* talKitity of system (I’), rsually most oJ the waiei in a sy.siem is 
(oiiUiiiied 111 the' tooling lowei basin oi spray pond. An approxinialion ol the 
lioliliiig i.ip.uitv tan be olilaiiietl bv I'alt iilaliiig the volume ol walei in the basin 
anti ailrliiig an e\tra 20 M)Vt loi the walei t oiilaiiieil in the lines and cqiiipineiil. 
Ailditioiial nil l eases iir.iv be ret|uire(l il die svslem has an iiiiusually large num¬ 
ber ol iqieii box iniirleiisers, jat'keled vessels, or liiniaies wilh siibslantial water 
lioldiiig lapatilv. 

10. nnif/rytle (/). One tvtie (i) is dehiied as the lime requiierl loi water lo 
make one iiip aioiind die iin ulalingliHip. This lime is .i hiiutioii oi the hnliling 
capafii) and die i eiiti illation rale. 

/ - yfQr 

I 1. Holdmg time iiidev (7/77). The lioliliiig time index is an expiessiim of 
the lialblile ol a irealmeni liiemiial added lo an evaporative riMdiiig .system. 
Malheiiiatually, this index lepiesents the lime required lo tliliile an added 
ihemiial lo 50'/[ ol its oiigiiial i out entration after the Lliemital addition is di.s- 
loniiniied 11 is also die lime lequirerl to lonteiiiiaie die makeup solids by a 
Iriiioi td 2. riiis IS an impoiiaiii laetoi in .selling lonirol limits where L'heiiiieal 
feed may be inlei nipted. Il is also imporlanl for establi.shing an ellerlive do.sage 
lor biologiial roiitrol agents, whiili are slug led into the sysieiti. A dilulitm curve 
lor a ilieiiiiial slug led into a cooling tower svstcni is illustrated by Figure .iH.H. 

Calculation of Holding Time Index The following rlata are leqiiireil: re- 
liiTulation rale, lemperaliire drop, conreiitraliini ratio and holding capacity ol 
die sysleni. 

1. (Calculate the tinie/cyi le, ^ 

2. Fnim Fable 5K.1 ilererinine the number ofi yiles (c) rei|iiired to reach 
the prevailing concentration ratio, haseil on the temperature drop through the 
lower or spray pond. 

3. Multiply ihis by the lime/cycle lo get the holding lime index expressed 
in miiiijies, then divide by bO oi I4il) to ninvcrl to hours or days respectively. 

'The following example illuslialcs this laliulation; 

a. Renrrulatirni rate: Pump data show.s a recirculation rale of 5500 gpm 
(21 inViniii). ll.se 5000 gpm (1!) m^/niin) as a good estimate ol actual recirrula- 
lion. 

b. Temperature diop: 

I05T- 85“F= 20^ 

(41“C-30”C= 



»12 mMUOWtltflMM l 



Percent of original concenlrohon remommg 

Fl 9 lir 0 36 .B I he illtir iif iirni diirl makeup ililiitinn iin 
slug appliLatifin ni a ilumiial iti an oapiiTitiM crH»liiig 
uater svsiem 


€ f*vaporatwn loss (II^C ) is equivalent in 2V^ evapfjialiiiii loss 

0 02 X 5000 100 gal/rniii cvapoiaiiciii loss 

(0 02 X 10 — 0 3H m^/miii evaporation loss) 

d Lonrfntratton ratio (see analyses on I iguie 38 0) Tests on the makeup and 
lef irLulatiiig ivaiei shou loncenltalion latios of 2 8 to H 3 

The approximate Lonicntialion ratio is 3 0 based on magnesium and silica, 
since magnesium and silica ternain soluble at the prevailing pH and coiuen- 
traiion londitions Chlorine and suJfuiic and aie Ixilh being added to the sys¬ 
tem and thereby eliminate the use of Ll~ and S ()4 ^ as valid C R indicatni s 



CooHiigWitorTragliMiil sa -19 


TABLE Ml 
AbMilM of 1 

Cyeiss flsqulrod to Conosntrats In Ihn 


C oncen 

Icmperaturt drop through tower 

nation 

11 in 

10‘ 

1 

^9 

50” 

1 1 

(j 5 cyths 

1 2 Lvih s 

2 1 Lvcles 

1 1 

20 2 

10 2 

7 0 

1 5 

^4 1 

17 2 

11 7 

1 H 


28 

10 

2 0 

OM 

11 

21 

2 'i 

10^ 

52 

15 

1 0 

MH 

70 

M 

1 5 

I7t 

87 

58 

\ 0 

20H 

104 

70 

4 5 

211 

120 

81 

"j 0 

124 

162 

01 


\4akt ufi 


M -t X 


(R 


M - 100 X - 11)0 Kpn> 

(A/ 0 48 X 0 ">7 mVmin) 


j HoUUng injHUity fi/ thf \\\tfm Basin if)iil.iiiis 72 (M)0 ^al (2H4 ni*) Hit loial 
holding lapaiilv ol iht s\sitni is rstiniatrd lo bt 100 000 gal (UM in^) 
if Iimiltyh 


(' 


100 000 
"lOOO 
ni* 

10 iii'*/niin 


20 mill 
20 111111 


h Holding Hmi \mif\ II ( R — ^ and A/ “ 20°F (ll“f ) lahit 18 1 shows 
iiMtagc Lytks at 70 al 70 lmIls 


II I 1 — 70 X 20 1400 moi oi 21 hi 

M lliL hlowdriwrn lalL is kniiwii a snnphhi d viFsion ii a) also be iistd lo Lalculate 
holding liiiiL index 


H II - 0 (jMl X 
H I I - 0 hOl X 


holding <apaiit\ (gril) 
blowdown (gal/min) 
100.000 

’ -- nKfi inin 


whLic 0 bOS = In 2 0 a number nlaled lo ihe hall hie in the taihtr dthnition 


Cooling Towers 

C doling towers aic designed in esapniatL walti h> iniiinate lonlact iii waltr with 
air C iKihng tnweis aiL classified b) llit method used to iiuIuil air flow (natural 
or meLhaniial diali) and by ihe direLlioii ul an flow (tirhti couiueiflow or cross¬ 
flow relative lo the downward flow ol waiei) 






Figure 38.9 OinrL'iUralinn raiius in an eva|K)raLivi‘ ronlinfi; syi^U'ni. 


Natural Draft Tnwers—In natural draft towers, air flow depends on the sur¬ 
rounding atmosphere, which establishes the difl'erencc in densities between the 
warmer air inside the tower and the external atmosphere; wind veliH^ily also 
aflects performance. Must natural draft towers in modern utility service are of 
hyperbtdic design (Figure 38.10), which has been used for many years in Furo- 
pean installations. These tall towers provide cooling without fan power, and they 
also minimize plume problems and drift. 

Mechanical Draft Towers—Mechanical draft ccmling towers use fans to move 
air instead of depending on natural draft or wind, 'rhis speeds the cooling proc¬ 
ess and increases the efficiency of the tower by increasing the air velinrity over 
droplets of water falling through the tower. Mechanical towers can, therefore, 
evaporate much more water than natural draft towers of the same size. 

There are two designs of mechanical draft towers, forced and induced draft. 
In forced draft towers (Figure 38.11) fans mounted on the side of the tower 
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Figure 38.10 flvpiiltnlu iimcis luncknsii walit iii a uMlilv siaiuin 

t( tnnh^y nf //if \tnt/n ( otn/ifitn i 



Rgure 38.11 f'Drird-diali lowei design Ihis design was widely used 
piior to devtlopinenl ol the induied-diafi design l*diis and muLors are 
ccinvcnietitly Incated fni mainlenante 



Rgura 38.12 lii(lucfii-rli.ili luuti clrsi^n with irnssllim nJ an lhi(m|;h trmir 
paikini^ Air inltrs the Iijumis and is uill disliibiiiLd {( nuttny of Iht 

Mai In ( tmpafw ) 


iortc an hnn/tinialK th^fnl^ll (lit town |jaiking, piodiifiiif* inriiiiaU mixiiii’ iil 
di] uith ihc Idlliii^ ualcT 

liiduiPti dtair ttinlin^ timeis (Ii^iiit S8 12) ait titlui iniinUiHiiw i>i miss 
flow with Ians on top pulling; lim)Iiii|’ an up lliioii^li oi hon/ontalK .utoss llit 
idlliii^ wdtei 1 lip ihnue hclweeii ioiiiil diatt and iiidiiitd liiali is haspd on 
eiif^inepniig (orisulpi.iliiiiis that lake pi (sailing wpatlur palUiiis iiilo aiiiniiil 
A Tna)(ii Lunsidcialioii is to avoid ipuiiulalion oi ihp is arm an disihaigc, uhuli 
would greadv lediiri towpi ppi loiinaiiti 1 lip main advantage oi a criunieiMow 
tiiwci IS that the ioldest water (oniaits the iliiist an, piiividing tin most elhiieiil 
evd|ioiatioii Mjquenie 

TREATMENT AND CONTROL 

tveiy Looliiig waltr system presents a unique loiiihiiiation oi equipiiiLiii, water 
(heinisliv, blow flown and loiinol (onsideratiniis Ptopei selection oi a sound 
cooling watci iteatmeril program requites colleiting a consult table amount id 
iniormation Ibis is often a painstaking task because of tin lomplexiiy nl the 
mechaniial equipment involved anri the vaiialioiis eiirounteicd in opeialmg 
Loiulitions Figure 38 13 and fable 38 2 show an example of a system survey, 
divided into five major categories (1) looling system data, (2) tooling waiei 
chemistiy, (3) heat tiaiisfei data, (4) effluent tonsidciations, (3) present treat¬ 
ment and control methods 

Cooling Syolom Data Ihis sciiiim ideniihes pliysital aspects rd the system 
such as niimbei and type of heal exchangers, maleiials of tonsLiiutiim of ex¬ 
changers and piping, type of tnwei, maximum tempeiatures of the water and 
pi IK css, lower operating temperatures, and system characterisius such as velo¬ 
cities, makeup, bleed-off and holding time index Ibis section should be sup¬ 
plemented with the process flow and water How diagram as well as complete 
specibcations on critical heat exchangeis 

Cooling Water Chamlatry This section idenlihes the themiial environment 
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of the s\ stein I fiL inlinnialiiiii is divided into tht ihi mistiy of tliL makeup and 
iLLiiLLilaimjir wall I miliidin^ a dLsiripOoii of pi elicatinenl pi in esses and 
souncs and l>pts of lonlaniinalion of iIil it tiicuUuii^ tsater Causes of pool 
inakiup waU 1 quality and pfisisteiit srniriLs of coiilaniiiiatioii slmiild lx cx 
iiiiiiud these ait iiitical to the litatintni pio^iain so the |XJSsit]iliL\ of loi 
1 C 1 lion IS a dciisivc fatloi in piogiain stlttliiiti 

Heat Transfer Data fins sui\t\ seetion is ni|rani/Ld into foui pails 

1 woNitnnutf dthning him ht«il liaiisfr i is LvaliialLil iiiiludiii^ the 
use Ilf loiiosiini toiipiins iiul lest fu it ixilianfrcis cliia on plant hi it cxc.haii^ 
LIS pi 1 iniiliiif) lakulalinn and moiiilniin^ of heal lianslLi lalis 

2 ( ontntl nifthuds iiiiliialiii^ how liial lianstii is ioiitiolkd loi exarnplL 

1 iniiiiiion nuthorl in mam plants is to thiotlli tooling u lUi eiilcrmfr urtam 
lu Li ixihiiigiis 111 till wmlti to pit Vint ovtiiooliii^ of tht piOLiss Howevti 
ifiioitlini' It ducts \l1oliiks iiuI piomotts louliii^ wIiilIi Itatls to a loss of htal 
ti iiishi th it L iniiol ilw ivs hi iiiovciid h\ iiopiiiint> tht llnotlled valvi W 
u 111 ill coiiliol me iliods such is w itti leivik ni pint ess stieam li\piss should 
he [ onsidt It il 111 pic Ilil 111 t to tinntllm^ w ili i flow 


1 

rooi INC 

Y&TCM DATA 

J rnoi NC WTATFR CHEMISTRY 


3 HEAT TRANSFER DATA 

M 

1 C§^A3ni 

I 1 - 





"S s 

JLO IbSO 

N"ATemjcrjturE irF^surt 1 

m, 


Cj 

0 -l2 66 

T 




rs 

1H2 960 

" • 


V 


2 5 

102 590. 

N a 




7 + 

80 370 

a * 


v 


3 0 

3 0 

■1 


MAII 


1 n°r 

110 5 ) 

a ^ 


”” 

. 


i20“l 

116 620 

n t> 

D 


h N 


35 


c 


M H 



0 4 2 0 

' N Foulln 

9 irLSbnt in heat eachangars 

f N 

H n 



0 4 7 0 

L Modexstc rubcriulation in last 1 

R 



2 10 ID jC. 

k I 1 y ^es 

cf Exchangnrb and vatE.r 

F 1 



0 1 0 6 

^ N boxes 




6 

0 1 0 4 

1 


' rl 


Opi?n 

0 4 2 0_ 



‘ V 


MLbh 

0 4 IB. 

F ^ Annual 

turnaround Refinery baa 



Nd 

1 7 3 7 1 

N ^been replacing admiralty bundles 





N n with mild bteel due to procaas 

m 


6D0 000 

*" ‘ 

_^ibxdB Lorrofaion-_ 

T 1 

M 

1 

115°F 

Des Plaines 



D E 

-M 




4 PLANT EFFLUENT L0N4 DF RATI DNS 

W M 
E F 

1 


Riyer with trav¬ 



R 1 

A 

30®F 

eling Bcrecns 


To API separator and waste 



5 7 

H R A NA 


treatment plant 

rt 


2B 9 

_ 

m 

CgmbiDSkng blowiLown wj.th othex 

Mm 

M 

359 

Hydrocarbons B H 2 B 


effluent strtans reducea chromate. . 


M 

1436 

tperipdic lenKbJ 


Np limits_ 


B PRESENT TREATMENT AND CONTROL METHODS 


- 

H 

A h 

AN 

H 

p 

H A 

■ 




R 

- 

VPfc A 

_BS 

66° 



p 


F 

None 


Gaa 




S 0 

A 


u 

A 

1 

Cont 

A 

Slug 

A 


M 

A 

Slug 

N 

> N 

5.1 


Hi v 

6-7 

H J ^ 

40-4.5 

r- 

50 ppm 




m/w/f 


u 

" 

ft ' ” 

R« ji 

5-B 

A 

R F 

20-50 1 

A 

J hrs 



1 hours 

N 

lag J 

lu. 

i 

Slug 

h - 

255 

1 

104 

A 


UlI 


-JLaa. 


Figure 3B.13 Lpenn al data required m making a cooling svsieni sui vty Supporting data 
include flow diagiams and tabulation of individual heat exihangeis (lable )8 2 ) 











TABLE 3&2 Pvrinffiliiiicv Data for Individual Heal Eichangera Tabulated on Goneral Survey (Figure 
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3 Presmi tondihott^, tl(:;hiiin}i; ihr phvsital < oiiduinns ol the heal exchanger 
CM|uipTiieiii iiispcilcd during ihc siiivn, siippleinenled In the anaKsis ni sig> 
iiiJicarU deposits lliis infoiiiialum provides a basis loi lecoiiinicndaiinns for 
(leaning, picrimdilioniiig of metal surfaces, and appluation of iheniKals for 
projiei svsieiii niaiiiienanie 

\ ( IntKnhm 1 his nuliides ineLhaiiiial and iliemual (leaning pio- 

Lerlures LUiieniU einploved 

Plnnt Effluent ConBlderetlono Some cooling s\stems aie bled oil dneilJ\ into 
.1 rrcenmg slieam, olheis an disihaiged to \aiiniis kinds oi uaste tieaimeiu 
piocesses, and siime disiliaige to iininiiipal sewagi s\stems I aili iinposis lon- 
sidc 1 aiioiis on tlie cIkjiil and appliialion id a cliemiial iiLMliiu'nl piogram 

Control Monitoring end Followup ( Ikmiih.iI lonliol, momioimg ol ic suits, and 
loiieciiM ailion an iei|iiiied loi .in ellecine cooling ualii ite.ilnienl piogiam 
\ widi \aiieh ol aii.ihtiial tools and iiininloimg dcnices aie ^nailable to aid in 
di\ilo])iiig .tnd mami.iinmg a chtmiial progi.iiii that i\ill piovide an clliLiinl 
ii|M lalion 

1 lu gOiil rd an.iUsis and moniloinig is to ideiilih |)oicnlial ptoblems beloie 
lliiv on 111 I lu I11.IJ01 di.igiinstu loids iiii hide 
1 V\ai(i .inabsLS (do site aiirl kiboialon) 

12 i)( posit iinalssLs tnrgaiiu moigaiiii, and miiiobial) 

\ i onosion «iiid ikposilioii momioniig ikviies 
I Ml tallogi apliii aiiabsis 
”1 Mil 1 obial aiialv sc s 


CORROSION CONTROL 

( 1)11 nsioii 111 ncin iilating i oolmg Wiiti 1 svsti ms is i onti oiled In i mplosing oiu 
01 mon ol loin iiia)oi mliibiloi s and «i\aiii i\ ol nimoi supple im lUs llielour 
basil inliibitiii s air i In oinatc, /nu oilhopliospbaiL .ind |K)kphosphate' Mnioi 
sLjpplenn Ills iiuhick muhbrkiic, niliiii. nitian, \aiiotis oigaiiii mliogeii i mn> 
poLiiifls. silii iitc and lutiiial 01 games 

1 hi lailiist iluiiiuals ioi tnating 11cii 1 iilatiiig looling \salLis wcie 11101- 
gaiiii polvphnspliaii s .mil iiaunal 01 game malt rials 1 hr loiuepi was to add 
.1 sni.ill aiiioimi oJ .11 id to coniiol the stabihi\ index to a slighth si alt lonniiig 
\ ahie 

Pol\])hosphate .nid nalinal 01 game maltnals wrie aildt d to the piogiam to 
|noxide iMith eonosion pioliition and scale inhibition 1 he seali inhibition 
sti iiimeil li mil the use of the |iol> phospliati asa tin rsliedd lieaimeiit In addition 
the ))olxphosphate 1 ombined uilh laliium to loim a lalhodit iiihibitoi that 
n dm ed the cm losion lali 1 he natiii al 01 g.inii m.iletial U iidrd to ki'ep the metal 
sen lace lelatixeix ek'an and aid the iiiliibiloi in e'stablishing a piotrelixc him ll 
also dispel seel suspiMided solids, and modilied ealeium eaibonate and iiiealeitim 
phosphate piciipit.iles if these tended to denelop on hot siiifairs 

I Ins (oiiiepl ol tooling xxatei trealincnt is still used toda\ iii man^ opeiating 
systems llourxei, a eiitical aspect of this tiealinenl appioaih is the potential 
lexeision ol the polyphosphate to 01 thopliosphale, il this oeciiis, ihe resulting 
mthopliosphate Lombines vcilh tale 111111. loiming liii.iUium phospliaie 1 his can 
be yery tioublesome il the amount piecipilated is laige fo imimni/e tins, the 
water is kept at a ic'lativek lim pH With this system, pH is diHuult to Lonliiil 

1 he iiexl I oolmg watei tieatnient was ehioniaie, an exceptionally reliable 101- 
losion iiihibilor Initially, eliimnate was applied at xcm high dosages, lre(|ucntly 
in the lange ol 2 n()- 30 () mg/l as ta()4 Ac id was added to the sysiem to lowei the 
pH to lx*tweeii fi and 7 , prc\enliiig laliiiim caihonate 1 10111 pietipilaMng Ihis 
iieatmcnl was quite efTeetiyc in ImiiIi scale inlnhition and emrosion piiileclion. 



but one shorK oiiiin^ lliai pitting ailai k leiulcd to miui il the chioniatr 
icsidual beiamt* lim ll was toiinrl ihal if throm.ite weie coiiihuierl with nthei 
inhiliitois, pai(iculaf1> lalliniiiL types (eg., /iiu and ]H)Kplii>sptiate), the 
thiinnate le\d could be ieduced to 211-30 nig/1 ('i()| with hellei lesulls than 
obtained at 200-300 rng/1 C iO| used alone I he s\iietgi/ed iliioiiiaie appioaih 
also employed and, liequentl) cnnlioiling the pll lo 0-7 4ii additional ail- 
\antagr rd sMieigi/ed tlnoinalc was the maigin ol saletv piosidctl againsl jiilliiig 
aliaik shoultl the ihroinate be inonientaiih iiiideiled 

These ssneigi/ed ihi ornate loimidatioiis are siill Loiisideied among the best 
loiiosiim iiihibilois in use todas Howesei, iiuleasing ensiioiiineiUal piessuies 
aie fniciiig the deselopiiUMil of intiosalise svneigi/cd c In innate foi inulatioiis 
that pel mil laiiiing tin ornate levels m a let ii i iilalmg system subslanlialh he- 
low 10 mg/I ( lOj while coiilmiiiiig to ptosidc aiieptable loiiosioii jnoleitinn 
1 o achieve lesulls with tins appiOfiih the system pH must bi lonli oiled pieiisclv, 
and dij»pei sains and bioi iiles iiserl to keep llu svstciii (lean An obvious limil.i 
lion to tins appioacli is that the leseivoii of piotcLlion axailalili with the liigliii 
CiOj levels docs not exist fluiefoie. pioiiss iontamm.iiion, mu r>iiii ollt d 
miLiuhial activits, fouling, and de|»cisuion will disiiipl the svsiem nmili tnou 
i|uiiklv than at the mnii liafliiion<il 20-10 mgd ( tl)| list Is 

Although ihi omatL has ilone an oiilsiaiidmg job lot vi.iis, iiu itasing c in non 
inenlal Loiiieiiis have biought piessuie on lescaiih inio iiiw lonosioii inliih 
ilnrvwilh polenlialh less enviioiimcnial impai t \ii lailv icsull ol siiih itsiaicli 
was till developnuni of organo-ziiu i omhiiiaiioiis Sum /iiii a lalhodii in 
hihiioi, has a lowei lilin slicnglh than ihiinnau the pH ol llu svsum loi an 
oigano-/iiu |nogiiiiii was ini leased lo hetweim 7 and K in make llu wain li ss 
f oilosive, allowing llu /im to Irnm a satislailoi \ mhihiloi haiiiei Du oigaim 
jioiiioii 1)1 tilt iieaiiiiLiii was a dispeisaiil to keep the s\steni liei ol rU posits 
iheiehs eiuouiaging finniaiioii ol an aihujiiati /ini him In addition lo dis 
|)eisaiu>, 1 Cl lam tv pis ol m games mi leased /iru soliibililv at llu higlu i pH n 
quiied lin this rneihrirl of ticatmeiil f liesi piogiarns win adcqUiili m iii.iiis 
iiidiisltial iilants, hul beiause tin mhibitot film at the opeialmg pll was not as 
efleilive as a chi ornate lilin, these ptogi arris diil noi siihsianliallv icplaii liadi 
tiorial chi innate tvpc lieatments 

Suhseqiienth, an innovative loiuepl in iriolnig watei ihemisiiy .n lived with 
the mil odui non of in gaiio phosphor ns compounds like mmgamc pnivphos- 
phates, these pieviiu scale loiinatioii h> the tinesholrl ctfeil Hi)wc*vcm, theie 
the similaiil) cmds, mm garni poly phosphates easily leveit lo in thophnsphale, 
with increasing holding time, tLiiipeiaiiiie, and iiiicioliinlogiiril aliaik Oigaiio- 
pliosphinus compoiincls do not levcii under lujinial cooling lowei conditions 
exiepl unrlei severe murnhiolngual attack Tuitliei, unlike the iniitganii pnlv- 
phosphates, die niganophosphnnis compounds arc general!) able lo mliibil 
precipiuilion of Lalciuni laibonaie and oilici scale-forming species at a liighei 
pH and alkalmily than toleralcnf bv the men game polyphosphates T his dcvclop- 
nicnl rjpened the door to wliat is now known as the alkaline approach to lieating 
LiMiliiig water systems 

The basic ireatmenl concept is to laise the pH of the opciaring sysiern to 
7 5-9 0 , therebs substaritiall) reducing the natural inttosivil) of the lecirctilai- 
ing water An oigaiin-pliosphinus compiiiind is then added lo the s)siem lo 
prevent calcium carbonate iiorn forming 1 his approach relies on the natural 
alkalinity of the water and pH elevation lo inhibit corrosion 

Experience lias shown that although the higher pll provides a less curt osive 
water, frequently this rcdurtiori is not ol sufhuenr magnitude lo protect all mild 
steel systems, especially mild steel heal exchangers with high heal flux or low 
flow velcKities Ihese systems still require supplementing the organo-phcis- 
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Coollno Water Vartebtea 

Eflerls 

Define* sraliiif^ lendenry nl water 

I>eHni' L'liiiLeiiliations iii rarlxirmie and bicarbiinait'. and 
siiluhility of raltiiim carbtiriaie 
Must be roiUii»lk-d in prevent sulfate and silieale scales 

(iaiiM' I Hilling, reipiire dispersants 

I'.aiisi' Iniiling and iiiiirribial growth, high ihlorine demand, 
pieiipitate iheniiial treaimeius 


phoriis iiialeri'als with applied nirnision inhibitors like zinc, orthophosphate, 
polvphns])haie, ihroniatc, ot Loinhinarioiis of these. 

rhe signihraiil advantage piiivided hv organo-phos])liiirus rompoiinds over 
eaili(*r Ireatnienls is that the redtired i nrrosivilv of the wntci allows lower resid¬ 
uals of applied inhibitors in Ix' maintained while achieving aireptable corrosion 
rates. Anolhei paniciilar advantage of the alkaline loniepi of tieaiineni is the 
siibsiaiitial reduclion or fRTa.sional elimination ol arid feed. 'Ehis, ol inurse, de¬ 
pends on the chemistry ol the .system. 

lahle SH.'f lists some id the mine inipiiilain variables dial must he coniroUed 
ill ccNiliiig .svstems. (ialniim and magiiesium hardnes.s ilehne the staling len- 
deiitv ol the watei. lotal alkaliiiily, pi I and teiiipeialure dehne the lonrenlra- 
liniis of Larhciiiale and bicarbonate ions in the water, ami also the solubility of 
rakium larbonate. All ol these must he coiilrolled wdlhin ariepiable ranges for 
rai'li sysieiii to instile si'ale-ltee operation, (anueiUrations ol stiHale and silica 
miisl also be lonli oiled at leasoiiahle levels to preveni lormalion ol gypsum 
and siliia scale. 

Mail) svstenis conlaiii .suspended solids whiih tomeiiliale in the lowei and 
cause iotilmg. l)ispers«iiil.s mav he used to ciiiiiiol this onte the problem has been 
piii|M.M'l> defined. Some of the solids mav come from the makeup, .some mav 
be w'asheil lioni die air, and some may be pieLipiialion products or iiiiircibial 
masses, li the suspended soliils aie exie.s.si\e, as evitlemeri by plugged rubes, 
a filter .system must lx- added to the riiiuit to hlter a portion id die tirculating 
water, approximately eipial to the evaporation rale. 

'lable SK .4 lists some id' die major ihemiral tonipoiieriis available lor cooling 
water treaimeni. In using this iharl it should be noted that no one ol these is 
iLselul by il.sell. For example, giiocl loirosion rontriil i.s iliflitult or im}X).s.sible 
in a dirty, scaled system, (wood scale and fouling control to inaintain clean sur- 
lates miniini/es the dosage of corrosion inhibitors. Maiiv chemirals help to solve 
more than one problem, as shown in 'Fable Whether ot not a paniculai 

(bemiral is the l)esl choice lor a given system depenrls on the .specific conditions 
in that sy.stem. 

FOULING CONTROL 

l)epn.sii control in rimling water systein.s i.s ahsolulely essential fur maintenance 
nl heat transfer rates. However, control of deposits is often more diHii'ull in 
alkaline systems than in lower pH systems. 'Fhe makeup water may contain dis¬ 
solved solids, organic matter and su.s|>enfied solids, any of which ran enntribute 
to fnuling. A system may become grossly rcmtaininaied with microbes; for ex¬ 
ample, makeup water with a high BOD, such as a recycled municipal or in- 
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dustiial t'Hlucnl, is paitiiiilaih siisieplihlf in iniiliii^ liiiiii sljini-lnimiiiL> 
bdctri la 

lahle '\H } shows some soiiiies ol foulaiits m a iriiu iil.itiii^ svstL'iii 

Ihi* law watci and an moi iilair a s\striii willi t olloiilal oi|ranii in.iiteT, silt, 
soluble iron ami mi(i«jlies ll\dio^tii sulfidi, suJ/iii tlioxiilr anil ainmoiiia iiia\ 
cntLM (lom the plain citinospheie 

RL*lcMiin|[> in Tablt 3d iiiosi ol the i nmmotil\ iiscmI sc all ciirilinl i liriiiii4Lls 
also (oiiliol linilin^, bur iIk'n ate not all ei|iial]\ ^ooil at dispeisni^ all kinds ol 
deposits [he selcclinn nl the ptopci dispcisant loi an\ opetatinir svsitin is 
based on aiitial anabsis ol a deposit Natiiial and s\nthelii oi^anus, unhiding 
siillonaied lignins, tannins, and suilacc-ticii\e .igenis ait grniialK .ipplii d loi 
dispel sing hvdinus oxides .iiid oiganu deposits \1atriials of the at i\lalr l.uiiib 
are dispersants loi sili, sand, hard it on oxides and olhei iiiingaiiii di posits 
Oigaiio-phosphoi tis (ornpnunds, me hiding polvol isiers and |iln)sphoiiales, aie 
elispeisants loi talLiinn laiboiiate and cahium sulfate pieiipiiates !{nwe\ei, 
oni e deposits loini, aii\ scale ie‘nio\iiig .niioii hv tin si' rhspi'i saiits takes plate 
slowlv, so tht best appioaili is to present ihr stale troin ioiiTimg in the hr si 
plat e 

MICROBIAL CONTROL 

Microbial deposits present a spenal case of fouling heatnieiit olien iei|iiiies 
biocides to kill iniLtolie crilonies and thspeisaiits to loosen and w.ish them awa\ 
ihe most LOinmon biocide tiiiplovc'rl in all ssstenis is ihloiine C'diloiiiie is 
believcrl to Ih' less efleetive abose a pll ol H than below 7 because of tht well- 
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known hyporhlfiritc cquilihrium. Ntverihcless ii is slill an cflfective hiiKidc and is 
indispensable lo many rcMiling waler trealmenl programs. 

There are pnihlems associaied with ihe use ol chlorine. Il ran reart wilh some 
organir malerials, partirularly phennlii lomfjtiiiiids, lo form reaLlinii products 
that are non-biodegradahle oi refractory, preseiiring potential efTIuent prob¬ 
lems. Generallv speaking, chlorine tan be applied to most leririulaiing systems 
without clanger ol towei lumber deligtiihralion ii Iree ihloriiie residuals do not 
exceed 1 mg/l- It is seldom necessary to rontinuallv carry a Iree rhlorine residual 
over 0 . 2 - 0.3 mg/l In contiol iiiiirobial growclis in in cist systems. 

Although chloiine is an extellerii killing agent, there are some notable liniila- 
tions to chlorine that require llie use ol nonoxiili/ing biocides in most systems. 
(Chlorine is not a penetrant so it may achieve a surface kill on a niicrobial 
deposit, but will not peiietiate the slime layei lo remove and kill organisms 
undernealh. 'Hits is in direct lonliasi lo the iion-oxidi/.inghiiM'ides and selective 
hiodispeisaiils which do have penetrating abililx. 




Chapter 39 

Boiler Water 
Treatment 


()1 lilt- ni.nn list's (ill 111 lilt I mil il Suits torlas - in iiir 1 i]sti\ m nans 

potiaiiiin 111 liiiints and c miiint iiial biiilfliiigs—tlu lai^ist poitimi is iliietlt'd 
low aid pi ndiK 111^ stt am lliioii^li ilit i iiinbiisiinii i>l lossil hit Is L lilitics aicnunl 
Im tlu tall St shall id tins bin imiusiiial [ilaiUs alsn piiiilutc Liimiiiiias 
ipianiiiiLs 111 sit am Im |iii]irss lists nlltn gtiittatm^ tlc'iliual pimci ihiinii'h 
tin bines as a bypinduci 

Mil litaiiiuiil id waUi (m sleam gtiuiaiimi is mu id ihi mnsi sopliisticali d 
biaiuhis id waiii clitmisli> \n limit islanrlm^ id llu fiiiidaiiitntals id iMiilei 
isalLM iluimsiiv IS esstiiiial tn llu pimui tn^ineci uliii i ontmiiallv siiiscs in 
iiurtasc th( tlhiieiuv id iht ImjiUis ami sitam iisiii^ t i|iiipiiu ill in his plaiil 

1 he pressuie and rlesi^n id .i biiilLi dtieimint iht i|ualit\ id walei it iei|Uiies 
(m steam i^eneiatinii Munitipal ni plant ^aiei i)t ^ood i]ualil\ loi dnmestiL 
use is seldom j^iMid enough loi bmlii fecdisalii Ihtsi sciuitts of maktiip are 
neaily always treated to lediitt c unlaminaiils to aiieplahli levels, in addition, 
Miiieitive ihemuab are added to the iieaied water to iininrerati any adverse 
eileits ol the lemainiiig Mate Luiilammants I he sequente of lieatnient depends 
on the lypi and c iiiiirnlialion ol tmilamiiiants found in the water supply and 
the desiied i|ualiLv ol the hinsherl waiei to avoirl the three major boiler system 
pioblenis—deposits, iiiiiosioii and laiivovci 

Deposits, partuulailv scale, can form on anv watei-washed equipment stii- 
1 ate—especially on boilei liihes—as the eqiiilihriuiri tondilions in the watei 
ronunmjT these stiifaces aie iipsti by an external forte, such as heat Lach 
contaminant has a definite soluhihiy m walir, and will precipitate when this has 
been exceeded if the watei is in lonuct with a hot surlacc and the solubility 
of the contaminant is lowei at highei temperatures, the prenpitate will form 
on the suilace, causing scale Ihe most comriion components ol boiler deposits 
ate Ldlciiim phosphate, ealciiim carbonate (in low pressuic boilers), magnesium 
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TABLE 3B.1 Expactad CompoaRlon of Bollar Sludga 
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POi lesiilual treatiiieiu 


(^jlnijin [dtlxinalL 

HlRh 

L snails less than ‘Vi 

( alfiiJiii |jlu)sphale 

1 snails \vss than 1 "iS 

High 

C.alciiiiii siliialt 

1 snails h ss than Vr 

fiatt oi none 

Cialiiuni sullair 

None 

Nniu 

Ciakiiim liscli nxiile 

None 

Nniit 

1 iiss on i^iiiiioii 

L snails less than Vt 

1 snails N I2'r exiepl liiL;hi i 
pint leedvs.iU'is 

Ma^ncsiLiin phospliau 

Niiiu 

1 snails less than 'Vr ixtipl 
hifrh piessiiii luiileis 

Mairiiesiiiiii h\ lit oxide 

Model .lie 

MorlLiaii 

Ma^iiesiuin silitau 

Morh tatt 

Moih i.ili 

Silica 

1 snails h ss than 1IVi 

1 snails less ih.in 1IVr 

Aluniina 

1 (ss lhan ll)^ 

t snails hss than llVr 

Oil 

None 

Noiu 

lifin ipxirle 

1 sLialls less lhan 

1 snails It ss than 'Vr i xi i pi 
pilliis li etiuali 1 s 

Sodiiiiii sails 


1 snails It ss ihiiii 1 'V i 

(aj)))X 1 


1 snails low 

Other metals 


I ow 


h\rli[ixirle, nia^iirsiiiin silicair, vaiiniis Iniiiis i»l niiii oxuli, siliu ailsnihi'il on 
thu pie\Hiii«»l\ ini-niionnl piciipitair>, anil ahinnna (srr iahic VI 1) li phns 
phate salts aic used lii lieai llr* IniiIim vvaiei, calf nun uill pieleienlialh pii upi 
tale as the ))hi)spha[r Ik'Iuil* piecipiialini^ as the LailM>iiale, anil lakiuin plios 
phalc lienifiies the inosi pioiniiient lealuii of llu* riepfisii 

At the hi^h leiiipeiatines iniind m a Ixiilei, deposits aie a sf‘iious pinhiiin, 
causing; poor heal tiaiisfei and a potential foi hoilei lube lailuie In loss piessiiii 
boileis uilh km heal ttanslei lates, depissils inav biuld up in a poiiii wlieie ilu\ 
conipleleU ociluile the boilet luhi' \i highei heal iiarislei laies, aiirl in hi^li 
piessLiie IkiiIcts, the piobleiii is moie sexeie al leiiipeiatuies in the MIH) -1 

lange, caibon steel begins to deterioiaii li^uie 'V) ] slums ihi 
iitJiniaJ slriutLiie of caiboii sleeJ boilei lubes aiirl 1 i^uil 'VI ^ iJhisliaies ihi 
spheroitli/atiiiii o( i.iiboii ainl suicessise thaiii^es in siiiiituie, uhnh be^in in 




Figure 39.2 Mmim hlKM ilu 
[(IiImHI Ih^HIS 111 lllllll s|iluiiii(ls 
.ind f;itiiii friowth rlfMliips 


rakt plair .iImao ), wi.ikLiiiiig iht* mt-l.il liniprialiiics within the 

liniliM iinn.ui all* i inisiilrial)l\ ahini this iiiiual aluit laii^t* Wain 

[111 iilaliin* ihitni^li lilt iuIk'S nniniallx loiiilinis liiMl aw.u lri>m llu iiirlal, 
jjiixmlini* ihr tiiln* luiiii iraihin^ ihi*% langt nL*|Misils iiisiilalr (lie iuIn.\ iccku- 
iiii; llu' latr al which this hiMl can Ik iniinvrd (Ii^uil Hh S), this liMils lo 
DMM hiMlin^ aiirl i\intiial Uihi (aiJiiir (I igiiii kl 4) JJ ihi dqiosii m mil ilmk 
(iiiiii^h 1(1 (riiisi sLiili a l.iiliiic It I an Mill lausL a suhslaiilial loss in rflirini(\ 
and disiu|ili(>n iil llu lual tianslii load in iillui stilions ol ihr Iniiln 



ngure 39.3 Dcpnsiis on ihr walersidt ni a iNiilri lube m- 
Milali* lilt mt'Idl horn iht' ciMilinf^ cffrii nl waltrr flow The 
iTielal on Uie liicsidt may then lieioiiie oveiheated (Adapted 
frim fat him, C , "'Depoi\t\ w Bodrr\/ lndu\tnal and Engineering 
themL\try. May i954) 



Figure 3B.4 A lypical lube- 
idihiiL Lauspd hv Dverhtatmg 


Deposirs may Ik* stair, prcLipirau rl iii-situ i>n a hrateil siiitarr, oi pie\iniislv- 
prrcipiUtcri ihrmiials, ciftcn in the loim ol slutlgr I hese diop out iil v^airi in 
low \eloril> airas, tompailing to Inini a dciisr aggloniriair similai to stall, 
hill letdining ihc Iraluirs of ilii citiginal piriipitatrs In llu oprialion ol most 
indusliial hoilris, il is seldom possible lo avoid loriiiation of soiiii i\pr of 
pieiipilate at some time 1 here aie almost always some pailKulaIrs m the 
circulating boilei water whirli fan rleposit m low \elocil\ set lions siiih as llu 
mud diuin The exception would Ik high pinitv svsleins, suih as iitililv hoilris 
which remain irlalivrh fiee of paiiuulales exit pi imdei coniiitioiis when tin 
system may beiome trmpoiariK iipsel 

1 he set Olid major wain i elated iKiilri pi ohieni is i oi i osion, the most i ommoii 
example being the attack of steel bv oxygen I his iifiuis in watei siijjplv s>s 
terns, pieboiler systems, boileis, loiidensale iriiiin lints and in viiluallv any 
fHKtion of the iitililv svstcni when oxygen is pTrscni Oxygen allaik is ai i cit i altd 
by high lenifK'ialiJie and by low pH \ less picyaleni type of toriosion is alkali 
attack, wliiih may ficcui in fiigli pifssiite iKiilris when* caustu ran lomuiliatL 
in a local aira of sicain bubble loinialion because of presence ol poious 
deposits 

Some feedwaiei iieaiiiunt ihemiials, suth as ihrlaiils, if not |no|K‘ily appliid, 
can foiiodc leerlwaler pi|Hiig. lontiol vahes, and even tin boiki intiiiials 

While the cliitiinalioii of oxygen liom boilci Irrilwaui is the majoi sleji iii 



Figure 39.5 Thu instruineni is used to moniioi corrosion- 
produced hydrogen roiirenirations in steam 




CDnrrolling boiler corrosion, corrosion can still occur. An example is the direct 
attack by steam of the boiler steel surface at elevated temperatures, according to 
the following reaction: 

41UO + 3Fe — Fr 304 + 4H21 (1) 

7'his attack tan orciii at steam-blanketed boiler surlaces where restricted boiler 
water flow causes overheating. It may afso fxrcur in superheater tubes subjected 
to overheating. Sinie this corrosion reaction produces hydrogen, a device for 
analyzing hydrogen in steam. Figure 39..5, is useful as a cortosion monitor. 

The third major problem related to boiler operation.^ is tarryover from the 
boiler into the steam .system. I'his may he a meihanical effect, such as boiler 
walei spraying around a broken baHlr; it may be due to the volatility of certain 
boiler water salts, such as .siliia and sodium Lompoimds; or it may be cau.sed 
bv foaming C'arrynver is most olleri a mechanical problem, and the chemicals 
liiund III the steam are iho.se originally pieseiil in the boiler water, plus the 
volatile loinpnncnts that distill from the Isoiler even in the ah.serice of spray, 
'fliere are three hasii means lor keeping these major problems under control: 

1. External Timtment of the water—makeup, londen.sate, nr l>oth—Indore it 
eniers the Iniilei, to reduce oi eliminate cheiniials (such as hardness or silica), 
gases or solids. 

2. Internal Treatment ot the boiler leedwater, bodei water, steam, or loii- 
deiisaie with inrrectise iheniiials. 

3. Mfttjvduwn —(anilrnl of the loiii entialifin nl Lhemiials in the hcdJei water 
li\ bleeding oil a portion ol the water in the Inidei. 

EXTERNAL TREATMENT 

Nfosi of tile unit opeiaiioiis ot w'alei tiealnieiit (Tafde 39.2) can be used alone 
or in I oinbiiiation with rubers to adapt any water siippK to any boiler system. 
The suiLahility ol the processes available is judged by the lesulls they proclLue 
and the losls involved. 

The bniler ireatinent program aims at coiuiol of seven broad ilassihiatioiis 
ol impuriiie.s: suspended solids, hardness, alkalinity, silica, total dissolved solids 
(17)S), organic inattei, and ga.ses. The extent to which each ot the unit proc'esses 
tipplii able to Iniiler niakcnip iTeainieiil, as desiribed in earlier chapters, reduces 
or removes ihe.se impurities in siimiirari/ed bv fable .39.2. 

Suspended Sollde 

flic removal of suspended soliils is aicoinplished by loagiilalion/flmt illation, 
filtration, or precipitation. Other unit priH'e.sse.s, except direct real lion, usually 
require prior removal ol .solirls. For example, w'ater lo be pfni e.ssed by ion 
exchange .should contain le.ss than 10 mg/1 suspended soliils lo avoid fouling of 
the exchanger and operaLing problems. 

Hardneei 

A number of unit operations remove calcium and magnesium from water, as 
summarized by 'i'able 39.2. Sodium exchange reiiicives hardness and does 
nothing else; other prtK-esscs provide adclitioiial Ix-nefils. Figure 39.0 compares 
these softening processes, showing the additional reduction of other impurities 
that may ixciir. Differences between softening proies.ses are .summarized in 
I'ahle 39.3. 

Alkalinity 

It is desirable to have some alkalinity in boiler water, so complete removal of 
alkalinity from boiler makeup is seldom practiced except in JemineraUzation. 
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Flguro 39.6 A luinpansmi nf «vaici sriflt*ning pMMLSsrs 


Simit* alkaliiiit\ is alsn iieedcU to pnniHe nplimum pH in ihc h-eilualti tn 
pi event cofrosioii of piping and eqiiipmeni 

1 he makeup alkalmitv may piescni as IK ()i , C ()i , oi OH If the 
makeup is iilv vsater that has lK‘en /eolile softened, alkalinity is usuallv in the 
biLarbfinaie (IK^Oi ) Iriim, if lime* softened, il is mostly larbonale (CX)i ), but 
the water may also coniain some hydroxide (Oil ) When hiiaibonales and 
raibonaies aie exposed to ImiiIci teni)x^i alui es, they bieak down to release CXIz 

2NaH(:0, Na,f.O, + H,0 + (-0, t (2) 

The sodium larbonale then breaks down furthei to taustic 

\a/.Oi + H,0-^ 2NaOH f CO, T iV 

I he cat bon dioxide gas ledissolves when the steam londenses, pioduung 
Lorrosive tarbonu acid. 

CO, + H,0 HzCO, jr + HCO, 


(4) 




Boltor Wktor TraaliiMiit 3M 


TABLE 39.3 Water Softening Procnu Summary 
(Summary of Rgura 39.6) 




Ri sidii.ils, 

Itin/l 


Pi IK CSS 

Hai dness 

Alkaliiiiiv 

Silii a 

FDS 

Oii^iiial watii 

Ibl) 


LI) 

271 

Soiliurii cxihaii^r 

Nil 

ns 

H) 

200 

SimIiuiii exihan^i and and 

Nil 

211 

10 

200 

Spill so earn 

Till lial linii (i nid) 

Nil 

2 n 

10 

170 

7 ". 

■ll) 

0 

100 

1 Ini hint /Liiliu 

Nil 

w 

1 

ISS 


I lie aiiiiiiinl 1)1 ( (K IS pi ripriitirinal ro llic aJlvLiJinjlv lor .i ^i\en 

.ilk.iliiiiiv luiie cis iiiiiih ( (>2 IS (oiiiud lioiii IK (), as fioin ( ()i~ hcHaiisr ilie 
l)ic.iit)i)iiau hiiakc1r)uj] is llii sum ui IxilJi itairinns (2) ami ("I) alMjxt 1 liu 
lailMiiiii ami is usiialh luniliali/nl l)\ ihiMiiiral tiiMtiiiriil iil tiu* slcam—t’llhtri 
rllll'ltU ()1 lllcllIKih llllDll^ll tllL llDllri If) piUrlULL* a LDllflLIlSaLL p]| 111 llu' 
i.in^i 1)1 H 'S M 0 RLiluiliDM iil iLirlw.itLi .ilkaliuilv is rlesiiablL, Lhrii, li> niiiiinii/r 
( ()j lf)iiiialinn anil ircliiir iliniiiial tUMlinriit insis 

Jilt lisrliiixidi j)ifidiK(*rl bv tin biiakdciwn dI IK.O) anil ( f)| is In iir/iiial 
loi picnpilaiiDii 1)1 ina(<iit'siiiiii, in pinvitli'a giinil imimi niinienl Ini sliirlfri hhi- 
ililiniiiiig, (iiicl In iiiiriimi/r SiO^ iiiii>i)vei linuiM'i, inn lii^b an exifss ul 
lausiii i.iii br tniiosivi\ parliiiilaiK if lniali/L‘il ioiiiciilialinn laii niiin I be 
btrakilnvMi ni IK is i nnipliMr bin iinl all the ( ()i iniunls in eaiisiii 
llu inincisinn \aiics hniii nne boilei In anolhci and iiiiicases s\ilh trm]>LMa- 
liiie \s a ^eiiL'ial lulc, at bOO psi nJ lx)ilci wair'i alkaJiiiilv is NaOll. 

llu iLiiiaindei Nai(.()i (1 his is based nii ihe rquilibiiuni in tlie innlerl sample 
nl Imilei walei ) 

llir de^iee ni alkalmits iiduLtinn is iIililIiiil diLtaied bv IhiiIli walci iniiliol 
limits and sieaiii i|iialilv ^nals I he lies! unit pi mess Ini alkahiiilv ledialinii 
iii.iv be ( hnscii Ini the nlhei benefits it piuvides as well as its enuieiuv in 
.ilkahiiit) lediJLtiDii luyriiie tninpaies alkaliiiitv iLduLtinn punesses and 

then siippleinenlal beiiehts 1 he iiiajm diffeieiues between these piniesses aie 
summaii/ed in Table V) 1 

Silica 

I he pelmissihic Lniiientiatiniis nf silua in boilei walei at ViUinus npeialin^ 
piessiiips aie ^i\rn in Table SM 5 Siliia lednctinii is rinl alwavs neiessaiv, 
espeiiallv m the absente of a inndensin^ ruibine I nw inmeniiaiinns of silua 
tan sninelimes pindiue sliiky sliid|;e in low piessiiic bmleis tieaieil with 
phosphate A makeup lieaLinent pint ess ina> hi? seleiteif to pinvide ]iisl the 


table 39.4 AOiallnlty Raductlon ProcoMOs 
(Bummary of FIguio 39.7) 


PriK css 

\lkaliiiiiv 

Residuals, 

Haidiicss Silua 

IDS 

Oiif^inal waiei 

n*! 

JbO 

10 

27^ 

Kiicii and additiun 

20 

IbO 

10 

2‘M) 

Spill slicam 

20 

Nil 

10 

170 

NdjX and atiinn (tJ) 

20 

Nil 

10 

200 

tadil lime 

^i) 

71 

0 

100 

Hni lime-zeolile 

30 

Nil 

I 

155 





TABLE 39.5 SINcb Concentration In Boiler Woler 


Drum pressure, psig 

Silica ( oniciilidLniii ing/l 

* t 

0-S(KJ 

150 

150 

301-450 


90 

451-600 

40 

55 

hO1-750 

30 

35 

751-900 

20 

20 

901-1000 

8 

15 


* Rccoinmended limits 

t CmiLcnirdLifin producing U 02 mg/I SiOi m Sdtuidled steam al upper pressuie liinil 





Bollar Water Traaliiiant 3^11 




M A k 
\ A k 

11 n X I 

H 


lU (esLimateil) 
_i )i 



135 

35 

G5 

40 

0 

10 

4B 

25 

IQ 

D 

0 i 

1 -D 

7 3 

10 0 

10 B 

10 1 

10 

6 

7-H 

1 

0 

0 

0 

0 

Nil 

Nil 

Nil 

Nil 

275 

225 

210 , 

. 145 

0 

i 0 

. 0 

0 


1 


Jo.5-1 
1 " 



Figure 39.B \ I rmip.irisiMi nl piiHissts fiii siluj idiiiilioii 


pi Dpi I rlLKiL't* III siIiLii iLcliictiun it*quiitc1 li\ iht* sUmiti svslein H 

slums tliL tUMimeiil lesulls aihicved b) llii \a]ii)Lis silica icmcival puiitsscs, 
llic inlhieiiir III cadi cit ilicsc piiiccsscs on iithn IctilualiM Lonlaininanrs is 
suinmaii/cd in lablc b 

Total Dluolved Sollde 

Sonic riCMtmenl pioccsscs iniicasc dissohcd solids h\ addinj> soluble b>- 
pioducls III watci sudiiiin /colitt soflcnmf^ iiiileases solids h) \iituc of adding 
an ion (sodium) hasing a liighpi equivalent weighi (2S) than the laliiuiii (20) oi 
magnesium (12 2) rimuncd lioin the laiv water Pioccsscs to leduie dissoKcd 
solids ailiipve vatious riegiees of siiitess I sualh leduclioii ol dissolved solids 
IS ai Lomplished b) a leduiMon ol several individual Lontaniiiiants lable 7 
summaii/rs the analysers ol effluents pioduccd h> processes which ieduce dis¬ 
solved solids 



TABLE 39.6 


RcsiduAh, mg/I 


Pi ih ess 

Silu a 

Haidnrss 

Aikaliiiiiv 

TDS 

OngiiiaJ ualri 

10 

IliO 

135 

275 

f^oid Jiriir and inm salts 

r> 

JJO 

15 

225 

Cold iimr-soHa 

7-« 

fi'i 

l>5 

210 

Hut lifiir soda 

1 

17 

in 

115 

Vd^X + anion rxcJiaiigri 

1 

\ii 

20 

2nn 

Dcminriali/aiiuri 

i) 01 

\iJ 

1 2 

I 2 


Organic Matter 

OigiiniL nirittei as a j^eneial ilassiiuatiiin is oiih a i|ualiiati\r teiin li iiiiUnits 
a i\nlu \.iiieis ol Lijiii|>t)iin(ls that air srlilnm anaU/rrl as s|K'(iIii mairiials 
Priiblrnis in Ixiiln s\srriiis atinhutcti li> oi^aini inariri ha\r iilirn Iulii liaircl 
to oi^aini nialrnals linni plain piixtssrs in iriunu'il i niitli iisaU, lathri llian 
iiiakcLip uatri containiiianls 

Dlaaolved Qaaes 

negjsiUris ait iniiiinniiU usrd to iriiiovr i^as innhaiiuallv ralliii tliaii ihriiii 
tails RIoulj i\prs ait used loi ( Oj rriiinsal at aiiibiriil leiiiptialuirs lollim- 
ing and ni hvdi(igrii-rvtbailor inuls Vanillin drgasihcis piiivirlr tin saiiu 
rxtriit ol ( (>2 irniosal, bm also udutL Oj to less than 0 "i-l 0 nig/l, ollrtiiig 
loiiosion |iiolrction, es|>CLialK il thr \aiiiiiiii cUgasifiei is pail ol a driiiini lali/- 
irig s>sinii Steam-sc I ubhing dcgasiliris, tallril dcanaiing healris, iisiialU 
piodiJtr fill idlhmil lirt ot ( (). with ()> ioiurntiaiiniis in ilir taiigc nl 
0 005-0(11 ing/1 Dimt rrailirm ol tins low lesidual with laialv/rd sulliir oi 
hydia/inr rlitninalrs loiiipIrttU to pirsrnt pir-boiln lonosion 

In addilioii to inakriip liraiiiuni, aicrplablr Irrdwalii qiialiiv ina\ lerpiiir 
ilcaniip of Loiidrnsair to piotrii ihr boilri ssstnii, pailitiilaiIv il llirir is 
proit-ss rinidrnsatr lon1alnlll^ oil Roilris itijiiiiiiig high r|uahlv rirniinriali/rd 
wain also rlrniand high i^ualitv loiiilcnsau Soinr plants opriair Ixith high and 
low piessiJit hoilris, high tpiahts Irrdwalii loi tin high pirssiiii Ixiilcis ina\ 
be pi OMclrcl rtiliirh In a deminriali/'ri, with Inwci ipiahiv loiHltnsaU srgirgaltd 
loi irluiii lo thr low piessuir both is 

Septum hluis an usiialh srirctrd loi oils loiidrnsatr liratinriil 4 irlhdosr- 
lype filtri aid (piotessrd wood pulp) is applirrl both as a pirin.it and a biidv 
feed Ihr Irmpnaliiir shouhl hr hss llian 1200°! (O'rc ) lo avoid degiadalioii 
of thr hitri aid Anlhiaiilr filtris pirioaird with a lloi piorliiird lioin alum 
and simIiiiiij ahiininalr air also ulIrLtivt llowrvn, the pH i>l the ii>iidL‘n<iati 

TABLE 3».7 Radiidloii Of Total DIoMivod BolMa 


(Summery of Toblee 39^ 39.4, 

■nd 39.6) 






Residuals, ing/l 


Pi IN ess 

IDS 

Haiilness 

Alkalinitv 

Silira 

Oiigiiidl wdtri 

275 

IM) 

155 

10 

Spill stream 

170 

Nil 

20 

to 

Pailidl inlrl lime 

PJO 

75 

50 

0 

Hoi linic-soda 

145 

17 

40 

1 

Hot liinc-/ecilire 

155 

Nil 

50 

1 

Demiiierali/dliDii 

1-2 

Nil 

1-2 

0 05 




must be ronlrolled in the range of 7-8 to avoid solubilizing the alumina floe 
Condensate contaminated ivitli corrosion products and inleakage of hard 
water is cleaned up through specially designed, high-flow rate sodium ex- 
I hangers (Figure 39 9) These have been used to piiicess condensate at lem- 
pciaiuies up to SOO®!" (149”C) 

flcavilv lontjininated pnKCss ccjndensates, such as those produced in kraft 
pulp mills and pen oleum refineries, pieseni special piobicms in use as boiler 
[eedwatei 1 hen (ompnsitioii is usuall> vaitable and may include complex 
oiganic compounds and unusual ions such as evanide, thiiKyanate, and sulfide 
1 he tieatmeiil piogiam cannot be selcrieH sjinph on the basis of ihe condensate 
analysis, reseaich on the bench and by pilot plant opeiation may be* lequired 

INTERNAL TREATMENT 

Scab fonnalion within a Ixiilei is lontioiled h\ one ol foui chemical progiarns 
1 oagiilalion (laihonaU), phosphate lesidual, chclalion, oi looidinaied phos¬ 
phate 

Coagulation Program 

111 this plot ess, socliiini laihonaie, soiliiim hvdroxide ot both are added to tht 
hoilei wjict lo suppJeineni the alkalinity supplied In the makeup, which is not 
sofuiiifl 1 liL c.ithoiiatL laiises deliln'iaU pieiipitation of caliiuni caibonatc 
unde I lasoiahit, conn oiled loiiditinns. pievinling di]Misition al some siib- 
sLijLiLiit point as scale I iidei alkaline londilioiis, magnesium and silica aic also 
pieiqntated as magnesiuni hvdioxide and magnesium siliiale llieie is usually 
a laiily high lonteritiadon of suspended solids in ihe hoilei walei, anil the 
piecipilalion oiiiiis on llicst solids Iliis method oi lieatiiiLiit is only used with 
ixnleis using high hatdnc'ss feitl watei anil opeiatmg IkIow 2'>0 psi 

Phosphate Program 

WliiiL till iMiilei fiiessiiic is abn\i 250 jisi, high ioiiLentiations oi sludge aic 
uiidesnahle In these hoilei s. leedwaUi Jiaitliiess should Ik limited lo bO nig/1, 
and phosphate piogiams are prefencd Phosphate is also a lomiiiim liealmeiU 
txdow 250 psi with soil makeup 

\ sodium phosphatt (ompouiid is leil iilliei lo ihe boilei ic'edwaiei oi lo the 
hoilei diuiii ill pending on wain anahsisand the pic-hoilci aiixihai les, to foiin 
an insoluble pieiipitate, piiiinpallv hydioxyapalilc, ( ai„(P()»)i (OH)^ Magnesium 
and silica aie piecipitated as inagnesium IimIioxuU, magnesium silicate (often 
combined as ^MgO 2Si()2 21120), oi calLiuiii siliiaie Ihe tUkaliiiity of the 
makeup is iisiialU adequate lo produce the OH fni the magnesium precipi¬ 
tation 

Chelonl Programs 

A chelatil is a mcileitilc siinilai to an ion exchaiigci, U is low in moleciilai 
weight and soluble in water Ihe sodium salts of eihskiie diamine tetia«iieti( 
acid (1*[)1 A) and iiiiiilotiiai etu acid (N I A) ate ihe ihelaimg agents most inni- 
inonly used foi iiileiiidl boilei tieatment These chelate (loim complex ions 
wilh) calf Him and magnesium Because the lesuhmg ccnnplc'x is soluble, this 
tiealment is advantageous in minimi/ing blowdown The highei cost cnmpaied 
to phosphate usualh limits the use of chelants lo feedwaic^rs basing low hard¬ 
ness Iheic IS the risk ihal hieakdown of the organic molecule at highei 
temperatures could create a potential piobleni of control that could lesiiU in 
coinrsion, so chelani piugrams are usually liniitccl to boileis opeialing below 
1500 psi (100 liars) Ihe addition of polymeis as stale contiol agents increases 
the cllectiveness of chelant proerams 
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FIgurs 39.B An inn exLhanf^t sybtrm drsif^ned Jnr rreating Lhemical plant (imdensattr 
(Top) exihange units, (Bottom) nintrul panel ff ourt^ry of Bou (hemiral ( ompany) 
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Rgure 39.10 I he* i-lltii nJ ut- 
^ iii this inse 
laiiiiiii—(111 I lie luiiiiri' III 
ii\stals. 



Carbonate crystals 
formed by healing water 


Crystals altered by 
50 ppm tannin 


Ii .list! leilines tin- uiiidsiori piiicniial In \hv ihelanl diisage briinv 

tlirnifliLiil rciiuircMiirnls, sii thai lliere is nii tlielaiil lesitlual in rhe boiler 

Coordinaled Phosphate Program 

In liiprii pressure, l 1 i^ll heal iiaiisfei rale boilers, ihe inrernal Irealinenl proj^ram 
iiiiisl I(iTitribiitc liirle or iiii solids. The poiential lor eaostii atlaik ol boiler 
metal ini leases wiiJi iniieasiii|j pressure, so tree caustic alkalinity iiiiisi be 
iiiiiiiini/c*rl. riie ioiirclinaiecl pbosphaie piogruin is chosen lot ihese ronditions. 
IHiis flilleis lioni iJie slanilaul pro^aiii in that the phosphate is added to 
piOMfie a loiili oiled pH raiifre in die boiler wain as well as to react with rahiiim 
il baldness should eiitei llie hoilei. liisodiiim phosphate hydroly/es to ptiMiiue 
Indi oMcle ions- 

Na.iP(), +1120^ 3Na' + OH -h HF(V‘^ (5) 

This laniiol occui watli tlie loiu/alioii nl ilisodiiini and monosodiiim phosphate: 

Na2HP04^2Na" 4 HPO, (H) 

NaH.PO^^Na^ + IT + HPO,-“ (7) 

riie pioj^rain is lontrolled b\ feeding i oinbinatioiis ol disoiliuin phosphate 
w'iili liisfulium oi nionosodiiiin phosphate to pioduee an o|)tiniiiiii pH without 
the presence ol tree Otl . I'o siii'tesslcdl) cuiitrol a loordinatcd pho.sphaie 
progiaiTi, the feedwater must he extreinelv pure and of coiisisleut ijualit). 

In addition to coin rolling stale and deposits, iiuernal ireaiinenl nuisi also 
iiiniiol larryovei, dc'iiiied as entrainment of boiler water into the steam. Boiler 
salts carried as a mist may snhsequentJv deposit in the superheater, eaiising tube 
failures, or deposit on the blades of a turbine, 'rhey may also eonlamiiiate 
a process in whicli the steam is used. Siiue a high percentage of carryovei is 
caused hy loamiiig, this problem is u.siially solved h) the addition ol aiilil'oam 
to the Ixiiler leedwaiei. 

Sludge in boiler watei may settle to lorni deposits, which are as serious a 
problem as scale. C'Jiemiials are used to condition boiler water particulates so 
that they ifci not form large cryslalline preripilalcs; smaller particles will remain 
di.spersed at the velucilies enrounicred in the boiler circuit. At lower pressures 
both the L'oagidalinii and phosphate re.sidual programs incorporate sludge con¬ 
ditioning agents for this puTpo.si\ A variety of naUiral oiganic materials are 
used, including sian:he.s, taniiiiis, and lignins. Figure 39.10 shows the effect of 
tannin in stunting the growth of (^aCOg ciTsials; Figure .39.11 illustrates the 
efleciiveness ol tannin in preventing CaCOg scale in 230 psi (17 bars) expen- 
inental boilers by this ability to control crystal growth and disperse the precipi¬ 
tated CaCOg. 


Figure 30.11 In iJih iv|Kii 
nit'iilal IkiiIli siiirlii s. tin x.iliu dI 
laiiiiiii III tniitiollin|{ ilL|Kimis tin 
Ixiilrr Mil fill L‘s i%,is 1 li ,11 1 > sliiiuii 


Ai iiitmiu'iliati' pirssuits, iJiriniLallv reailLul lii>nins .iit wiililv iisi'd 
12 slums ilu' appiDxiinalr iiioUhiiLii iiuifiiriiiation uf a li)*niii piiiirssLtl li>i 
hi^h tcinpciatiifL' sl.ibilit\ Its rlKctneiu'ss in loniinllnur Lalciiiiii plinsjiliau 
siak* and iiia^neiu non oxiiIl dtpiisils al 1’>00 psi (100 b.iis) is sbimii in 
FiKiiit's "-10 \ "\ and ^0 1 I 

At inici mi'diatr pirssiiirs, htMl stable poKineis siuli as aiiirniu < ailmw latrs 
aie also used as elTpilne dispeisaiils An alk.iliiu i ii\ii oinnriii ^iMirialls 
incicasL's ihr elleilixeness ol all ul those dispoisaiils 

Soiiiewlial I elated to (aii>o\ri« in that si earn ipialils is alleiud, is tlu dis 
rliai^o ol (onlammaiits llial volalili/e uiidei boiler o|K*iatJii|r lorulilions Hie 
major solaliles are C Oj. iiealod In the bioakilovvn ol larbonaii and bitai 
boiialc nieiiLionocI eailiei, and SiOj Alihouj’h the C C)> lan be iieiitrali/rik n is 
piudeni to reduce leculvvatii alkaliiiilv to mnnini/e its ioiinalion 1 oi all piailiial 
purposes, exleiiial tieatmeiil ten silica leduclion and bluwrlimn aie tlu onU 
means lo avoid cviessive SiO^ dischai|>es toi prrneilioii of tin bine bladiiij; 
Mydioxvl alkalinitv helps lediitt silna volatihiv 

OxvjTon IS the ihiel iiilpnt in boilei s\ steins loiiosion l)i anal ion leduies ihis 
LO a low loiif eniiation in the pie-boiloi svstcin, but dcK's not lonipklel) eliininate 
It AppliLatiim ol sulfite oi hvdia/ine at lei dcaeiatioii scavenges the i eniairmij; 
and maintains a leducirij; coinliiifin in the ImiiIoi watei An advaiitaj'e ot 
hvdra/iiu is that it is ilisiliaif^ed inlo the steam lo beiome available in the 
rondensate as protection a^ainsi o\>gen coiiosion in the teiutti svsiem 11 oxv jien 
IS pieseiil, ainmoiiia ian attack i nppei allovsin loniioiisei s and sta^e heatei s 1 he 
icmuval ot NHj bv external tiealnicnt mav hi neicssai v 1 he lonosive aspects ol 



250 psi Colcium 250 psi 34 ppm 

carbonate deposits Tannin-type organic 



MCH 

HCDH 

HCOH 


L-Oog-by^r_0u 

- ^ ** hydrolysis'll^ ^ 


figure M*t2 Bnau&c tannins lose effectiveness at higher teni- 
perature^, other orj^anict were developed I his is the structure oi 
lignin priHcssed for deposit control in higher-pressure hoileis 
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Figure 38.13 I'lie rllei iivfncss 
i>f a lif'iiiti deiivative in tnntiiil- 
lin|; ralnuni phn&|jhatf male at 
IfiOO psi IS shiiwii licie. 



1500 psi 1500 psi 

Calcium phosphate 34 ppm lignin 
derivative 


(lOa liavr already brt’n meiUinnetl in relation to rondeiisate systems. I'hc 
hencliiial and detrimental aspeils of NaOH in the boiler cinuil in relation to 
inirosion cmilrol have also been discussed earliei. 


BLOWDOWN 

lb)iler feedwater, regardless ol ihe type of ireatnient used to process the makeup, 
still contains measiiiable c oiiienlrations of impurities. In some plants, contanii- 
naled londensale contributes to feedwater impurities. Internal boilei whaler 
treatment ( hernicals also add to the level of solids in the Imilei watei. 

When steam is generated, es.seiitially pure HjO va|Mii is discharged from the 
boilet. leaving the solids iiitroduied in the feedwater to remain in the boiler 
(iiiuiis. 'I he net result of iii]puritie.s being toiilinuously added and pure water 
being withdrawn is u steady increase in the level of dissolved solids in the boiler 
water. 'There is a limit lo the coni entralion of each compoiieni of the boiler water. 
In present exieeding ihe.se roncentralion limits. Imiler water is withdrawn a.s 
blowdown and disc barged to waste. Figiiie 15 illiisi rates a material balance for 
a boiler, showing that the blowdown must be adjusted so that solids leaving the 
boiler equal I hose entering and the concentration is muinlaiiied at the predeter¬ 
mined limir.s. 

One w'ay of Imikiiig at boiler blowdown is to consider it a process of diluting 
l>oiler water .solids b) withdiawdiig boiler water from the system at a rate that 
induces a flow of feedwater into the boiler in excess of steam demand. 


Figure 38.14 The effectiveness 
of a lignin derivative in inntrol- 
iing imn deposits at 1.500 psi. 
Left, no treatment; right, with 
organic treatment. 



fSOOpsi 1500 psf 

Magnetic iron oxide 34 ppfp lignin 
deonsits 



3»-1B The NALCO Water Handbooli 


Feedwater 1,000,000 Ib/day 

Solids content -100 mg/l 
Solids odded/doy- too lb 


^e£m 900,000 Ib/day 
Solids conleni 

essentially zero 



Blowdown 100,000 Ib/day 
Solids conleni - 1000 mg/l 
Solids removed -100 Ib/day 


Figura 39.15 Jlim built*! watii snluls tiic LDiiti ollril b\ blim 

llflWlI 


Mu'ir .11 LMun sc|Kii.ilr hinu Hriun piiinm 111 hnilci ^\sriMii One .ii i Diiniin 

clale*s the lilnuilimii Him lli.il is iniiliiilleil lo ie}Tiil.ili* llir ihssnheil siiIhIs hi niliei 
UitDis 111 the hoilci u.itei I lu rilliri is .in intei iniittMii m mass hlnw iIhimi, iisn.ilh 
liiim the inurl cliiim ni vsaleiwall hrarieis, uhiili is opnatrrl iiilei miltenlh at 
leriiiced ImiiIlm liiari Ui ml ilie hnilei iil aciiiiiiulali'fl sriilril soliils m lelaiisrK 
stagnant ai eas I he liillowiii^ disc ussiini ol hlim dnwii vmII he i niifiiieil nnl\ In tliai 
used tni ad|iisiin]y; hnilei \\atci dissnhed solids ldih eiiliarions 

Blow dim 11 iiia\ hceillui iiiiei inittent oi innlmiioiis It iniri niillenl ihelinihi 
IS allimed in LniiLenliate to a level aiieplable loi the |jailif iilai hnilci disi^n and 
piessuie When thisiiinieiitiatinn level IS teatlu‘il, flu hlimdown vahe is njn iierl 
lor a short pei lorl of lime in i i*dii( e flu i one eiili alinri of iiiipiii ilies, .mil ihe hoilei 
IS then alirmed to i er nni eiili .ite iiiilil llu lunliol Imiils aie a^ain i e.u In rl In 
(rjiitiiiuoiis blow down, on the olhei hand, the blowdown valve is kepi open at a 
h\ed setting lo leinove waiei at a sieadv lait. inainiaimng a lelalivelv innsiani 
boilei walei comenlialioii Sime Ihe avei.ige conienii.ihnii level in a bnilei blown 



Flgura 39.16 Sihenidlu nf mriiistnal Ijoilei system 
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rlimii iiitmnillcnil) is siihslaiitullv lt*ss than that inaiiilairicd b\ loiiiinuuus 
bl(isvrli)Wii. ink'i niiUent IdnuHimn is less cHirirnt—mnie tiisilv—than iririuiiunus 
blnwclnwii 

Fitiure lb is a sthenialu ili.i{4iaiTi i>l a iV|Jii>il incliisiiial iMiilei plant that 
rlisiliai^es stLaiii in •! Luibinc, with pail of the steam being tnndciised in ihe 
uiiiricnsei ainl ihe i einamilLM eMiacied (in a piiuess use wIicil ihe sleaiii mav be 
Inst ni llie itinilensale beinme sn i nntaminaied llial it must be wasted With 
leleieiue tn this diagiam, the Inllimiiig ielationships appK in dctLimining 
lilimflimn lusses 

1 \/ \ ^ (■ iw 

2 \/ 4 f W) - - S + (all III Ib/hi) fni kg/ht) 

U — / 4 Hi (all 111 Ib/hi) (in kg/hi) 

' rr -/j, 77 F, 


S A 


(Hi 


I 


f/f; 

() H,-! K n, 

7 Heueiil hliiuilriun 


100 
( H 


uhei i 


Hi bniki binwrlnun linu inniaining ( m mg/l solids 
H blnuiloun flou linin flash lank 

( H - iniiK niialion lalin, (Hi is nan i nliaiiiin latin basiil un liedwalei, 
( Hm is basid on iiiakeu)) 

( 1 run lied 4niidens.iii Mow, assiinird in 1 >l liei nl sniids 

I) — siiain Him used loi diaeiatinn 

/ - leedwairi flow i luilaining f / ing/l solids 

/ ~ loss nl sir.ini ni cniidinsatL 

\/ — makiMip flow inniaming ( ^ mg/l solids 

S - si ram llov\ 


It IS loniniriii In rxpiiss blimdiiun as ,i pLiiriiiagr nl irrilwaui lloivevei, 
ihis in.u gi\e ihe utilities rngineei a t.ilse sense ol seLUiilv 11 the plain h.is SO^T 
LoiiilrnsalL irtiiin and I’O^ makeup, a i^r blowdovsii would appeal saiistaitors, 
bill 11 iiuhiales lhat ihe makeup is being iiinieiiiiaied niil\ loin times—id the lout 
mills oi makeup enieimg ihe bnilei, one unii is being iliiown awa\ IVi haps that is 
as imiih usage as lan be made nl ibai pailutd.ii ijii.diU makiup, but the npeiaiin 
slioulrl be awaie ol it 

Soul the main pin pose id blowdown loniiid is to leaih llii niaxminm pei- 
missible i oiuenlialions loi besi boilei elbiienis wilhoul exieeding [onceiilia 
linns ih.il w ould liai m the svslein, the In si slej) in de\ eloping .i blow rlnwn i null id 
pingi.im IS to establish allowable limns 1 lu i onventional limits leicnnniended 
lo pioMile boiler ileariliness .md .ideipiale steam i|ualii\ ati shown in lahles 
'Ml H and ‘Ml 0 I hese unei mosi situations iiiiounteied m inrliisiilal bnilei 
ojieialions, but not the loagulalinii liealmenl used m low pressine bodeis With 
ibe i oagulalion tieatmeni, total dissidved solids ai e usualK linnled lo d'lOO nig/l, 
and adei|iiate alkalinilv is mamlainefl lo pi oxide iIk Laibonalc loi (aliiiini pie- 
iipitaiinn ami die lixflinxide lot magiiesiuin pieiipiiatioii 1 hese levels Lan be 
established onlv altci ihe naliiie of the makeup iieaimeiil s\siein has been 
i nnsidei ed 

As show'll by I aides 39 H and 39 9 the limils on sinh ihings .is loial dissidved 
solids, siliia, anil alkalinity aie basii.dly lelaleil in the amoiinls of these niaictials 
enieimg wilb die makeup walei, these lonientiaiions laii be ad)usted bv blow¬ 
down, bui also by some dd)iislmenl m the makeup tieatniLMil system il dial Hex- 



TABLE M Oplliiium Bolter Water Control Umlta* 

Prum-typo BoIIti Uilng Bottenod |Not Polonizod) Foodwitoio 

Pn^surr psi 



ISI) 

4 (M) 

Mill 

■NX) 

IJIMI 

ISIN) 

1 OS (nidx ) 

IINM) 

i)im 

tlMNI 

JlltKj 

SIM) 

4 INI 

Phfiaphaif M'* PO«)t 

411 Ml 

H(l till 

Zll 411 

rj Jll 

ill IS 

S III 

HvHiikKiilr [is LdtOiJ 

UHl 1 IHI 
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ISII JOI) 

IJI) 1 III 

IIMI IJII 

HI) 100 

Siilhii 

411 Ml 

411 III 

Jll 41 ) 

1 ■ Jll 

10 IS 

S 10 

SiliLa Ids SiO,) iiidx t 

ini) 

‘ill 

41 ) 

III 

S 

4 

liiltl Iron |ds It) mi\ 

111 

s 

4 

2 

j 

1 

Orgdniik 

711 mil 

711 Hill 

711 IINI 

•ill /I) 

SO 711 

SO 70 


* III II icli i«t ImIiiu I ill mill lltii hi M| li 

1 Whirr iiiiirliliiMiH vs III nil i In I mis |1 III \ ii Nf\)mi\l}i usiil in pi iii iil |iliiis|ili iIl s iii iiIiilm iImiiIiiiss 
snIiitiili/inK I iilut iliiii I li II rliuss |ii iiipii MiiiK i Hlli In li ii iin ]»i n^i mis phirspli jIk inililiLlini in limiI u ImIiiu i 
When ihiliiii iisiiliiils in ii lx in imi iiiii d 111 niiiiiii iiiU il ImiUi i\ iiii niiiiriil liiiiiis in |li Unlii |jnssiin 
belux 4U0 pii 4-A ing I (J) 41)1 -bOO p«i )-4) nig^l (1) blll-)INNI p«ii I i iiiKd Mil ri*siiliiaK ait as 1 al I) I 
i Srr lablt i hii iniiriiii diali pirs&un 


ilnlit\ IS piinideil On iht* othet hand, sulIi (imslilUL'iits as plii)s|jliau\ oipanics 
and sulfite aie iiiliniliiced as inieinal tirainiriil (heiimals. aiirl then LiiniLiiiia 
linn lan he adjiisicil bnth h\ blDwiliiwi) and li\ lalt dI applic.iiiini 

hm pill poses ol ilUisnalin^ llu lali iilaiion of hnilei hlimdoun iilaltd In llii 
lomenli aliniis, a M(U1 psi (10 hats) Imilei s\suiii in a pa]ui mill is usi d .is an 
exampli 1 he steam ^nes l)oih lo a londeiisinir iiiihiiiL ami a l)<nL |>ii'ssiim 
turbine, with ^iVt Londeiisale leiiirn 1 he makeup is iii'jIliI b> hoi ljme-/ioliii 
siiltenin^, anil, altii iiealiiieiil has a total dissoKi lI sidirls iiuueniiiitinn nl 
K)0 mg/1, silna ol mg/1, anil lol.il alkahiiils of 20 nu>/l I.ibli ^0 10 siimm.iii/is 
the londilions esi.ihhshed m tins exampU 

With .L silna i oiiu nil anon o' I i mg/l in ihe leidwaiii ami an allow abli limil 
of onU 10 mg/I in llu hoilei waiei siliia is the (onlnillmg l.iiloi and sits tin 
loin entialir)ii laiio (haserl on h eduaU 1 ) at b 7 Smieilii walii loiilrlhi mm in 
Hated lo a lacloi ol 10 hasi il on loial dissnhed sniiils ihiii ismiinlivi li»i .iilili 
iional siliia leihniioii m llu hot pioiess uiiil If the aildiiioii ol doloiiiilii him 
would pcimiL a leduilion liom ) mg/I slumn lo li ss ilian 2 mg/1 m ihi makLU|i, 
the blowdown lale louhl be iLiliiierl hrmi I'lS lo 10^ 

A scMMid ixaniple txploies ihi use ol a siinpli sodium /Loliii solum i lo iiiai 
ut> waici as makeup loi a ‘iOO psi boilei Ihe walei .inaUsis in ligiiii ‘10 17 
sJiow ihe lesulls ol lUMtiiig llu fitv water ihioiigli a /i oliti softinei, aiirl the 
allowable loiueniialions m a SOO [>si (20 bars) boilei 1 he loiii eiili.ilion lalio is 
laliulaled Joi eaih of ihe t onsliliienrs lo be lonti oiled tin lowest ( K di lei mines 
the blowdown late In ibis example, ilu lowest i.nio is 2 appKiiig lo alkaliiiilv 
So ihe blowdown lale, loniiolhd by iilkalmils, would be 

n .11 1 

I’eiieiil hlowriown — 

This IS a high blowdown loss, expiessetl as a peueiitage ol makeup llowesei, 
111 a small plain that geneiaies less than 50,000 Ih/hr (22,700 kg/hi) ol sle.un with 
less than 10-20‘{ makeup, this pi mess might he aiieplahle |usl lor ns simpliiih 
and low tosl Laigei plants would find this high blowilown loss unaiieplable 
I wo piotesses aie explored to modify the sodium zeolite system to leduie 
alkalinity, Piguie shows these two niodiluations, sodium zeolite plus at id, 

and splii-siream treaimeni Roih of these signihianilv lerliice alkalimry aiirl 
blowdown The fust prexess incieases the tiiiital CR to 12 5, so blowdown would 
be controlled by alkahnily ar a level ilose lo the oplimum FIXS Furthei ledui- 
Linn in blowdown is athieved by using splii-stream iiealineni, sinie IDS is le- 
duted as well as alkahnily At these low levels, silica beiomes lontioiling ai a 
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TABLE 3t.B OpEmum Bvltar Water Contral Unite* 

Dnim-lypa Bsitora IMng High Pumy (Datontaad) Faadwatera 



1 |i 111 MMl 
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I IlS (iiiitx ) 
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M4 07 
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Slid 4 (■I't SlOj 


III 

'i 

1 

1 

II 
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1 
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Liiiifliii ivi III | 1 \H irlL|jjiliJii liiiiii niiiU III iMiiliiif'i iiiirUi .iniiii|i.iiiil ii]mi.iiiiik i uruliiiniis niiii'iil liinils .ipplu.iblc 
till siihiiiiil mill fit iimiyi il) litilu.iiiis iiiii Ik iisnl 

4- Hyilid/liii iisiriu.il« III liriliwjiM |iisi .ihijil nl InuIli i k ai 11 iiiiunii/i r irikl 


hli)v\ilimii of fi'r ol iii.ik(Mij) ( cipitiil (nsi .mil f>|H'ilosl h^ruies dir nrrilccl 
lo ilriirlr uliiihri llir irrliKtioii iii blnwrlnuii tioiii H'r aihicxrrl with ihr iiisl 
piiiirss 111 r/r. uliicli i an hr ir.nlii'il imiIi llir splii-slir.im rieaLmml, is jusLihrcl. 

1 hr spill siictiin pinirss is inoir losih anil ii (itMU'S a srioiiilan piiihlrin— 
rhsposiil ol sprni ir^riirianl ami 

1 hrsr r\ainplrs show tlial ioiHCiUialion laiios air ilrinnniiril h\ clirinual 
aiiaUscs Siiiir hlowilown lair is iirxri nir<isiiirfl. hiil iiiosi plains inrlri both 
iii.ikcHjp anrl Irrilw.irri as wrll as strain, ilir ilirnniaJ tlrlriinmaiion iil iniurn- 
tiaiioii lalio IS llir inosl aiiiiiau niraiis nl flrltr iiiiiiiii^ hlowchnsii loss It is 
appairiil ilial cairlul s.nii[)liiiir ol both llir irrilwair! ami makrup is iri|iiiirrl in 
pMiprih loniiol bhmdnwii and hr ablr lo drlnnnnr blowilnun lair 1 hr bnilri 
\saui innsi hr lonl hrinir ii tail hr aiiah/rd. and lrakai*r in ihr lonln lonld 
allril till M)ni))osiiion ol ihr hoilri ^v.ilri llir hoilri vsalri sainplr is iisualU 
lakrii fioni llir hliiwdoun inllrilion pipi in llir hoilri ill inn. and il llns is nni 
pioprih drsiji^iuil, ihr blowdrmn sainplr ina\ hr niin-irpi rsriilalnr \n rxaiii- 
plr ol ibis IS llir ai niiiinlation ol sirain bnbbirs williin llir bloiwliiwn linr \sliuh 
.nr till II loiidrnsrd lliioii^h llir s.nn|ilr loolri anrl fliliilr llir hoilri \s.iiri 
\lllioii)j;li iiiir ol SIM 1 al hoili’i wain i onsiilnriUs in.u ilririMiinr ihr iri|Linril 
blow flow 11 lali*—loi rxainplr, silii.i—il is ^riiri.il piacliir to ditrinnnr all ol ihr 
iiiliial I oiu run aiioiis in tin hoiln on .i ir^nlai basis baih ol llirsr can thru l>c 
1 rlatrd lo ilir lolal dissoKrd solids as iiirasiiird h\ a londiuliMlx iiisiiuniriil, 
and ilir ailiial tnniiol of hlowdowii lan thru Ik- irfalrrl lo «niiilnr ri\it\ Ini snn- 
plnm ol [oiiliol Ihr ihloiiflr irsi is anolhri sinijilr Irsl in ust lor [onliollinir 
blow flow II 

TABLE 39.10 SumniBry of Controls 

(All concentratiuns in mg/I) _ 
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Hgure 39.17 Snnplr /Luliif sufrening foi .1 ')00 psi 


rtir LiHiliiiuous hlriwdiiwii wilhilidHdl pipe sliiiulrl he liiiaieil in Ihu hmlei 
dium 111 Lhe area whcie rhe iibeis leiuiii 10 release steam heliind bailies (Figiiie 
Sy IM) 1l slimild ne\ei be liiialed where il lan lemove feedwatei and hesh 
Lhcmuals that have nol leatted 1 he holes in the Lnlleiting pipe should fate 
upwaids sri that the pipe Ldiinul liecninr steam-boiinfU lesLiiiting the tate of 
blowdown wilhdrawal and mieileiing with testing 

The valve conn oiling iMiilei blowdown is usually lalihrated so lhal the opei- 
ator Lan make a simple adjustment if his tests inditaie that a (hange in blowdown 
rate is ie(|uiTed Because the boilei opeiales at constant pressuie and the blow¬ 
down dischaiges to Lonsiant piessuie, this i& a very reliable and lepiodiic ihle 
method of loiiUol The cnntiol valve can be designed for automalii aclualion In 
a conductivity retordei 

Most plants have installed systems to recover heat iiom boiler drum blow¬ 
down In smaller plants, the blowdown may go directly thioiigh a heat ex¬ 
change!, wheie the heal ol the blowdown watei is transleired to makeup ahead 


Boll«r Water Troatmant 3^23 


ni the dederdtin^r heatei In Idigti plants, blowdown is diiecied to a flash tank 
ci|uali/ed tii a priM-c'ss slfani line, foi example, opeiating at 15 psig (1 hai) In 
Idle uses, a high pressure boiler niav he blown down into a low piessuie boiler 
lo nhtdiii additional conteiiLiatioiis and sleani, oi iL may be blown down to an 
evapniatoi in a lUilitv station In some plants, nioie than one flasli tank is used, 
defrending on ihc heat balance and the oplimuni letoveiv aihievahle in that 
plant 

1 he amount ot steam pi odiiied by blowdown to a Hash tank ean he calLulated 
b\ using the than illustrated m riguie 1^9 20 Se\eial tvpual blowdown ariange- 
nieiits aie shown in Figiiies H9 2I and ‘U) 22 Wheie the heal is leioseied 
thioiigh a liLMi exih.iiigei, the exchangei is noiiiiallv designed to leduie the 
blowdown tcmpeiatuic to within 10—20^(6— 11°(') of the Loohng water, which 
IS iisualU makeup watet 
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(a) lop view of boiler drum 


I y pipe 

Feedwo'er goo''enerlis 

Wnibr levLl 

rhemi ol feed line 

Downcomers'*' 



CuriQin baffle 
Riser lube*- 

Confinuouj biowdown line 


lb) End view oi boiler drum 

Flgiiro 39.19 l^pif j 1 lonliniirius lilimilimii liHainm 


BOILER TYPES 

A boilfi IS a ii^ssel in hIiuIi waUi is innuiitiiiiisK sapini/til inln siiaiii \i\ Iht 
applicalioii ol liral \ primaiv ohjeili\t in flL*si{;niii|ir a boiki is to piosulc' lot llu 
f^iealcst pcissililc cHitienn m ahsiirplinn ol heat Olbei objiiiues aie piiiiluttiiiii 
oi pun* steam and sale, leliahlc opetaliiin 

Vaiiatioiis in the design of steam ^eneiaiiiis au almost vsithoiil liiini I his is 
pailK betaust each iitis di\(lopiiitnt in niipioviii|j rlie ijualilv ol bniki maknip 



Figure 39.20 1 he productinn ol flash sieam from boilei 

blowdown 


Drum water level 



Figure 39.21 KLiDVtn o( hrai lioni a cunuiiuuus bcjilc t lilnwdown liiir uith a heal 
pxLluinfTLi (( nurti sy uf ( mfirant t nvrrtmmental S>krfWi DtvLsioti ( rave f omffany ) 


has innuLiiieci the Ixiiler ileMf'iici w make the sLcram gmeialm mnie Lompact 
.iTifl cfliiieiil 

Design \aiidlii)ns iKtur because of ihc numerous faiLois msolved in selection 
anil opeidtion of a sieaiti generator these intlude tapacity, t>pes of fuel avail¬ 
able, buinei design, pressure and temperature conditions, feedwater cpiahty, 
load vaiiations aiUicipaled, and space avaiLible foi the installation 

Faih of these factors afTecls the way steam bubbles form and the meihanism of 



Figure 38.22 Retuveiy of heat through a flash tank bcloic* hiial heat cx- 
(hange fCrmitpry oj Lochrane Envirunintntal Systfm^ ihvuwn. Cram Company) 



FIgur# 39.23 1 hi* pi n^i L*ssii>ii 
Circular deposits Circular formotion oi miiial m ale Ifirniaunn. 
conforms Id point completely filled 

of departure with scale 

of steam bubble 


l)«iilcr waiei i rmrentraiimi at the melal surlare. Fifjiire 39.2!^ shnws hiiu si ale 
initially forms as a riri|^ at the jHiint ol hiihhlc lonnation, anil how this rinf> i iim- 
pleiely fills with scale if the chemical cmiionincnt is riot properly cnnirulled. 

Boilers are ol two general designs, hretube and watertube. In firelube boileis 
the flame and hot gases are coniineil within lubes ariaiiged in a buiirlle within a 
watci drum. Water cinulates on the outside of these liilx\s (Figuie *f9.24). As the 
water changes to steam, it rises to the top of the boilei drum and exits thtoiigh a 
steam header. Firetube boilers are efhricnl steam generators lot steam rei|iiiie- 
ments below 150,000 Ib/hr (6H,000 kg/hr) and 150 psi flO bars), lligliei pres¬ 
sure and greater lapacity require thicker plates and tube walls in this design, so 
watertube boilers are more eionomital foi conditions alMive these limits. 

The watertube' boilei dillers from the liretuhe in that the flame and hot i oni- 
bustion gases Hnw' across the oul.side oi die tubes and water is ciiiiilated within 
the tubes. Chimbustiun of the fuel occurs in a iuinaie and some of tJie WMler 
tubes usually form the furnace walls. 



FIgura 39.24 Water circulation in a firetube boiler. 
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Opcrotmg pressure kg/cm^ 


Figure 39.25 Udiu luiuIjuuii in .i udiiilulK bmltr I hi niJiiftinn in iii i.itin 

IN boilii fMissufi iniKdsLs IS shimn iin tin ^lapli Ni>lr also ilit ic dm lion in availablt* 
luad lot a shim paik.i|rr Imilt^r mm = 10 h hi^h) rompan.d tii a lall liiUl ticrlid 

hiiilci 100 li hl^ll (( uurtisy of ( umhustwu i nfrinttfiiigi ) 

In «i simpk u.ikTtiibr urtiiit (Figuit ‘^0 2^) sltMiii bubbles luiiii iin the healed 
side of ihe lubes I lie lesulliiif; sttain-watei iiiixluit has a densitv belnvi that d 1 
ihi. tiiolei ualei tm ihe unhealed suh and uses, tieaiiii)^ a iiiiulatiun ihiuufvh 
ihi s\sieni [he steam bubbles rise until lhi> leath lliL steam dium ^beie steam 
IS leleased iiom the watei into the \apui spaie 

\atuial emulation boilers—wheic LiTiiildtion is mduieil b> densit) diflei- 
intes —usualK ha\e mans pai.illel tiiriiits Ihost seitions id lubes in uliich 





reen m 


Economizer- 



Rgur* 39.27 rurii|}s.issist m inuil.iliiif; «valii thmij^li a 
hoilui Hhcri natural iiiiuJaliiin is iisiiuteri h\ |jiissiiit ni 
elev.It 1(111 


healed watet uses Lo the sti «iti ciiiiin ait lalleil iisris and ihnse whitli 

the LiMilci ssalei destciuls air driwiiiiinieis ( iriulatuin usualh niiuis hLiwieii 
sesetal drums The sicain diurn al the* liip sepalates steam firini water, the mud 
drum at the bnUuin sepaiates suspended snlids and sludf^e Ironi water \ sc he 
matir nl such a ImuIci desiirii showing users, downiumeis, and the location td the 
steam and mud diiinis is given tii ligiiie 2h 1 luse basic items aie loiiiid m 
all natuial miulalKin binleis legaidiess ol the rletails ol luiiler rlesign 
III foiled (.irculalion boilers, a pump provides the wattr iiitiilatinii (Figiiii 
39 27) This IS a incjit positive conn ol ol llit i in illation paiieiii ilian that iiealt'd 
simpl> b\ density diflerence I his is important il the boiler ina> operate over a 
wide Lapjfitv range II s/j.i( e require inenrs liiiiit the /leig/il of a fwuiei instaiia- 
tion, the rierisirv rfj//ereiues avar/ah/c fo create nattira/ cur ii/atirin /x^coiiie sinaf/ 
and /oiced ririufaiion becomes advantageous ft is also advantageous at high 
pressures as the difference in ileiisii) lietwc'en steam and watei diminishes 
Onre-through Iroileis aie special designs for uiilii\ operalion 

Increased boiler efficiency can lie obtained b> bringing watei into close con¬ 
tact with the source of heal lubes are built min the boiler furnace lo absoib the 
gicatcst amount of heat possible Usuall> ihe entire firebox, called the radiant 
^ctioii, 15 suriounrled b> water wall rubes, thiough wliith water ririulates 
(Figure 39 2H) CamncLtions between various tube sections ol the boiler are 
accomplished by headers, nameil lor then location, such as water wall headers 
or drum headeis 

Steam quality is of paramount importance in most operations if high turbine 
performance and long equipment life are to be achieved Boiler water is sepa¬ 
rated from steam by cyclone separators and steam scrubbers located in the steam 



BoltoffWitorTMtiiimit »» 

drum (Figure 39.29). Steam entering ihe steam drum is diietted hist towaid 
the cytlone separator by bafHcs The tyclones force the steam into spiral motion 
on Its path toward the exit at the lop of the separator, and Lenliifugal tone 
separates the water from the steam The punHed steam exits ai the top of the 
separator, while the heaviei watci diains out the bottom and reenters tlie boiler 
drum 

After passing through the cyclone separators, hnal lemoval of entrained water 
fioni the steam is atromplished by secondary steam sciublieis Ihcsc consist of 
baffles that change the diiection of the steam so that walei impinging on ihcm 
diains back to the sieaiii drum Ihe hnal steam should hayc less than 0 1-0 5% 
enli allied watei, depending cm the design and effectiveness of the separators 

Ihe presence of entrained moistuie determines steam qualitv A steam quality 
of 95^ means the steam contains moisture This may Ixr measured theimn- 
dynaniicallv b> a clesice called a throttling ialorimeter, hut lan be dc*tcrniiiied 
much more accuiately by detecting the solids in the entiaiiied moisture Since 
the bulk ol ihe iMiiler solids aie sodiiini sails, an inn elecliode spetihtally mea- 
sLiiiiig sodium IS used this measuics the sodium content ol a sample of icm- 
clenscMl steam 

1 iguie 39 SO shoves a plot of sodium cimlent in steam leasing a 230 psi (17 
bais) boilei, and how llie sodium level, which reflects eiilrained boiler water, is 
iiilhunceil liv boilei operating conditions \ plot ol sic am demand shims the 



Rgura 3B.2B In this boilei, the ladiaiii seitiun of the fur¬ 
nace IS cooled by wall tulies in which steam ii genciated 
In chis design, the tangential location uf burners produces 
a turbulence that pinmotc-s eflfitirnt coiiibustinn (Courtesy of 
Combustton tn^nefrmg) 
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FEEDWATER 
PIPE 

Figure 39.29 In tlu suain di um wattr is ii mnvtd b) i>Lli>m st|).i 
tdluis Inlhmcd by scitrin drvtis (( ouftest 0 / ( tmhmnoti I iif^iHtnufr) 


sudden suif^es whiih piruluicd f^voss carryover Assuming iho binlei water 
contains 500 mg/l Na, a sodium content of 50 ^g/1 Na in the strain indicates ihe 
following inoistuie content of the steam 


PeriLnt moistuie = 


/xg/1 Na in steam 
mg/l Na 111 boilci 


50 X 10 
500 


= 1 iVA 


With demineiali/cd make up potassium may bt the pi 1 dominant boilti cation, 
so the test prixedure must lake this into account 

The average eftciency of a watertul>e boilei producing satuiated steam is 
about 85% Most of the heat loss is via hot stack gases and ladiation Improved 
effiueiuy can be achieved by adding heal recovery devices 

Table 39 11 shows a typical survey oJ energy losses in a simple industrial boilei 
plant 1 his IS a 250 psi oiJ-fired boilei delivering saturated steam for a process 
having no heat recovery devices In this example, the plant has already achieved 
Its optimum water rontfitions with a blowdown of only 3 5^, and increased effi- 
cienry with the existing design is achievable only by a change in hung conditions 
However, appreciable energy could be rernvered if the plain were retrofitted 
with heat recovery auxiliaries 

A thermodynamic gam in efhciency can be obtained by raising the tempera¬ 
ture of the steam above 1 I 5 saturation point This is accomplished by passing the 




















TABLE ae.11 DMIbiitlon of Boltor Lomm 
(AH Eguioi In mlMlono of Blu/doy) _ 



Actual loss 

Potential 

Saving 

Blowdown 

170.1) 

17.0 

none 

Siaik heat 

287.0 

275..5 

11..>1 

Excess air 

96.9 

49.8 

47.1 

Total 

401 0 

342.4 

58.0 


steam through a series ol tubes, called superheaters, located in the radiant ser- 
tion of the boiler (Figure 39.31). Similarly, steam that has only a jKirtion ol its 
heal content removed and is at a reduced pressure can be reheated to a tempera¬ 
ture close in its initial temperature and reused. 'I'liis is accomplished iii a bundle 
of lubes railed rehealers, also loc'atcd in the radiant section. 

A substantial gain in cfhnenc'y can Ire aihicsecl by raising the temperatuie ol 
the feedwater entering the boiler to that approaching boiler water temperatuie 



1 


1 



FIgUIB 39^1 Additional heat ran lie pul into saturated .Hteam alter leaving the boiler 
drum by a heal exchanger called a superheater, .shown here in a lurnare designed to 
bum CO produied in oil reHneries as a liy-pmdua ol ratalyiir i racking. of Cam- 

buxiian Engineering.} 

































































































































Figure 39.32 Ht ii m ilu slack feasts is tiaiisftrrrd id liLilvsiici in tht i iiiiiiiiTii/tr and 
also niav Ih Tiiosciid In pithiaiin|J iiniibustuin an Mu lual ixihan^t bunrili (hJi) is 
niDUiiUd 111 ihi slack (rif^ht) {( ttuttivy of iwtrutal R^\t}Wti C orffoialton ) 


hy iLcoMfiii^ liCiU liniii ihr hni Hue gasi-s brlmt* lhe\ air rJisrhargeil up the 
sui k lo tliL alinosphLii 1 his hraling of tht Ircduait-i, as shimii in Figuic* S2, 
(Hciiis in ilir Lf mii)ini/LT 

Siinilailv an iittiled liii iiiiiihiisuon iii ihi hiinaLe lan TCLlaim addiliuiial 
heal liiiin tliL Ihit gas b> passing ihiough a seius id tubes lalhnl air heaitts 
IbisL ail iisualh hiiaitd imiiieilialth altei tht eiiiiiimiizei Hit lelalivi in- 
ilease in hial absoiptiun gained b> adding these lual ie*Lr)\ti\ aiixihaiiLS is 
shim 11 b\ I igui e I'l S I 

Wale 1 lube bnilers ind\ lie uf Iht hnii/oiUal stiaighi IuIm design oi the benl 
UiIk' design 1 he hini/iintal siiaighi lulie iMidei is made up of banks of tubes, 
usuall> staggeitd as shimn in Tiguic \4 and iiielined at an angle id abuiii IV 
In pioninte ciniilalinn Hit ends of the tubes are expanded inin headeis, uhicb 
pit)\ide ini iireulatinn bcMueen the tubes and the steam dium I he drum md> 
either l>e liingitudinal oi irnsssvise with leierence (n the axis uf the lube bank 
1 he atlvanlages nl the straight tube Niilers unhide iisibilii\ through the liilx!s 
for iiis|jeitinn, ease id lube leplaieiiienl, Inw head mum, and aicessibilily of all 
e nniponents lui inspcitinn and gas-side ekaning by hand if neiessais duiing 
operalinn Some id the inliereiii disadvantages aie dilhiult an ess lieiause of 
the mail) hanel bole taps and gaskets that must Ijc iiinmed. teplaced, and light 
ened, limited steam disengaging siiifates with pooi scpaidtion of steam and 
watet at high stc-aniing latps, and limited steaming lates caused b) lelativel) low 
eiieulaliun and pixn distribution 

Ihe hnii/oiital stiaighi lube beiili-i is limiled to produetum oi appioximatcly 
10,000 Ib/hi of steam pci lixit of bciilei width 

The benl lube design is a niulli-diuin boiler with the mud diiiiii at the bottom, 
the additional diuins, all tailed steam drums, being located at the top Figures 
30 35 and 39 36 show a two-drum and a three-drum lieni waiei Liilie boiler 
lubes in the bent tube boiler are either inclined oi aiianged m vertical banks 
within the combustion spate oi made up as a water wall assembly, backed with 
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Figure 39.33 I his riu^iain shnMs tiu rtlaint hi it 
Irdiisfcrr duties i)f dilleitni setiiuiis ul a siiam fruuT.! 
lur (Rept%nttd uitk pfrmissmn ftom Puunr Spmal Rtptnt 
* Steam Cwf Tin niton Jutu 1^64) 


rofIai lories 1 he liciii tube biiiU i is a rapid sieaiiui, ivilh quu k iisponst lo fliii 
tualiiig loads briaiisr of ils small ualii volume lelativt in its fri'iieialiiif'iapacit\ 
Advantaf^es of the frcnl tube biiilei inilude f^icatti eioiiniii\ in lahiiialion and 
opeiatiiiii, auessihilitv fin inspeainn ikaning anil niamlt lUiu l and ahilitv in 
operate at highei steaming lales and delivei diiti steam 



FIgura 38.34 Inriined hoiuontal tubes are used lor steam generation in ihis 
boiler design with box headers at each end Lonnected to the boiler drum 
rhis unit was designed for marine service (Courtesy of Bobtork cif Wtlrax 
Company ) 





Figure 30 35 1 wo dium Ihiii tuln ImhUi wiili w iim wall lulirs ahsmhing 

ht il in lh( 1 idiani sniioii nl thi fiJinui {( fmrh\y of BabiiMk C5' Wibnx 
( umpiiny ) 


Bctuiiiln hnileiN ai( iisuallv ilassilieil luithc*i iiuo tiu numlK*! oi diuiiisand 
flit IIIangc nil lit nl ilii liiliiiijr vvilhin iIil ImhIii (Pif^iiit M) Fht tliici miijm 
ilassiliiriliniis ,111 

Type A 1 his iiinl innsisls n( out sUam riiuni and two mud diunis ni hiMdcrs 
ail aii|r( rl in an \ p iiic in wiili rht sii am diuin at llit apex and the liiadeis at iht 
ImttiJiii Riitinni lilinvdnwn is iiquiitd hum hntli liiadeis 
Type D Ihi steam diiim and mud dium ait loiattd diieiiU ahiui one an- 
nlhti anrl oil In one side ol ihe iuiiiaii in a 1) paltein (Figuie 44) \ senes ol 
IuIhs lun \eiiKallv lx?r\seen the mud druin and the suam diniii 1 hi tesi of the 


Figure 30.36 Iliiii diuinbeiii 
luhe hniUi cnniinuii in oldci 
plants .mil width iisi il lx Init ihr 
divelnpnieiit ol wateiwall lubt 
designs 










(□) (b) U) 

Figure39.37 SthfUMiii nt dium ami iiibi jrrangrnirnts fut ivfX's \, 1) and () Ih'iii-iijIm 
bfalrrrlesifrns (a) A-t\pi\ uiili laigr iip^Hi diuin loi t Heiiivi. xatti sitarn scparatiuii anil 
lr>Hri drums (hcMdeis) foi iirLulalirjii (^) l)-l>pL, uirli sliMrinrijr iuIks iIim ni .ir 

watrr linr, prnvidt mniif rlleitisc fpcdualer and hloKdiiHri pipintr JiMalidiiii (#) O i\p[ 
similar in A l\pt in iniiilatiim patttrn uith risers enlLiin^ iiiitei ni sicain diiiin 


I:u}k*s extend hfiii/<iiitall\ from the steam and iiiud diums In iJie liiinaie wall, at 
^hiih ptnnt thev become svatei wall lubes 

Type O I n this ananfremenl the sleain diuin is also Inuieil ditei llv iiIiom ihi 
mud diiiiti, but both aic linaled in the leniei nl the IhiiIci, and the i mint i liiij[> 
tulles die 111 an ()-paltciii 

l)e[)endin|^ on the si/v and the tnmplexil\ nl the bnilei. it ina> Ih* eieiied on¬ 
site, ni It iTia> lx* pieassenihlcd at the maniifaituiei's plant HciausL the paika(*c 
bnilcis are usuall) siiiallei, dies eiiiplos hi|i;h heal tiansfet tales to nliiain the 
lequiied steamiiif' lapatits I ni this leasnn, llu\ iiiav feiiiiiif* tlnsei innlinl of 
boilei wau'i iiealmeiii and npLiatioii than iIil fiehl-eierteil uiiils 

Ensiioiiinrnlal lailnis and fuel a\ailabilil> ate cciiain to influeiue lioilci de 
signs 111 the future 1 oi example, iiuidi/ed berl iniiihuslinii is niie prissibilil\ lor 
snlsiiig lliL envirornnental piohlems of biiinin|^ loal It ma\ piesenl new pi oh 
Icrns in the steam geiieiatinn section of iht system, hut e\en so, the basic 
prinuples of Ixiilei water chrmisiiy will still apph 

1 here aie a niiiiibet rif aspects ol Ixiiler design that influence the slIuiIioii and 
Lonliul oi the iiueinal tiealiiienl progiaiii Ihe hist itivnlses the mixing and 
rJistiibiitiori of chcmiials and feedwater In many Ixiilers, Inialioii of fe(*dwaiei 
piping, chemical distiihuUon, and blowdown lines have been moic a inattei of 
convenience in design and tabiication than ol purpose It is essential loi boilei 
water, feedwater, and treatment cheniuals to mix yx.'fcire the loolei waiei de¬ 
scends into the dnwiicoineis and is then heated in the radiant section linpi iipei 
mixing mav fnrxluce scalc^ in the diiwncumers and hinder sludge toiidiiioiiing 
With increasing use of demiiieiali/ed water even foi mici mediate piessuie 
boilers (600-900 psi), the major impurities in the feedwalei are no longer intro¬ 
duced by the makeup, but rather by the returned condensate, prmupall) as 
corrosion products 

Fhese corrosion products are not solubili/ed by chelates and are difliciilr to 
disperse. If they deposit, boiler salts may forucnlratc undci tfiein, Ix^iause they 
are relatively porous and permit boiler water to enter with ciiily steam escaping 
This may leacl to laustic attack Id prevent this, boilers shoulcl be cleaned on a 
set frequency. 

The likelihood of afkalinity attack is increased by variable loads and firing 

















conditions, which cause flexing and cracking of the normal dense magnetite 
film on ihe boiler metal, exposing fresh metal to attack. 

In forced circulation boilers, there is a tendency for deposits to form on the 
downstream .side oi How control oriHcrs. To avoid this, feedwater should be free 
of deposit-forming material, especially corrosion pioducts, that a chemical 
program can be applied successfully. Condensate polishing may be required 
since the condensate is the source of the rorrn.sion products. Steam separators 
are essential to production of acceptable steam and their deterioration will de- 
preiiale steam quality. 

Boilers are often damaged by corrosion during out-of-service periiKls. Idle 
boilers are very vulnerable to attack when air contacts mtMSl metal surfaces. To 
prevent this corrosion, the fniiler metal rnu.si he protected either bv (1) keeping 
the surfaces completely dry or bv (2) excluding all air from the btiiler by com¬ 
pletely filling it with pnipeilv treated water. Because of variatioo.s in boilei de¬ 
sign, there is no single, detailed procedure that covers all steps in boiler lay-up, 
including Inith rhemical and meihaniial asfK'crs The basic principles in protect¬ 
ing hoileis against corrosion are simple. 

There are two basil wavs of laving up Imilers—wet and dry. In storing a boiler 
dry, nays oj iiioisluie absorbing ihemiials, .such as quirkJiriie, are di.srribuied on 
trays in the liniler drum (oi diiims) and the boilei is .sealed. I'he alternate 
iiielhod, wet .storage, involves lorcing aii out oi the boiler by completely filling it 
to (nerllowing with water whiih has lieen specially treated. Niitogeii gas under 
.slight pressuie (an also be used to displace air and blanket the boiler .siirface.t. 
Special consideratioii must he given to protecting superheaters during lay-up, 
partiiiilarly the iinii-draiiiable type. 

The choice beiween the wei and diy methods nl lay-up depend.s to a great 
e.xtent on how long the iMiilei is to Ih* out ol siMTice. Drv lay-up is preferable lor 
long outages; the wet method has the advantage of perniitling the boiler to be 
returned to service on reasoiiabl) .short nollee. It is a good idea to drain, flush 
ami ins[H*ci a iKiilei prior to any lav-up. When time does not permit ihi.s, the 
luiilei may Ik* stored wet wilhocit fust draining il. In this c'a.se the* cheiiiiral ireal- 
iiieiir foi lav-up—including laialy/ed sulfile, caustic and organic dispersants— 
are injeiteiJ into (he boili'r ju.st before ii Lume.s oH the line. 

TYPES OF STEAM-USING EQUIPMENT 

Steam is a coiiveiiieiil lorin in which to package energy Ix^catise it ha.s a high heat 
(onteiit and can bc' generated at one point and distributed to many different 
erierg)'-usiiig units throughout a plant. The steam niav be u.sed for its heating 
eflerl ui for motive* power. 

In heating appliLalions heat transfer may be by clireLi Lontart of steam with a 
fluid, or with a solid object, as in steam cleaning of oily parts. The most common 
application of direct contact luxating i.s the deaerating feedwater heater in a 
iMiiler plant. In this case, the steam .serve.s not only to hear the water at the most 
efficient point in the feedwater system, hut il also acts as an inert gas to strip 
oxygen and carbon dioxide from the fccriwaier and carry these non-condensihle 
ga.ses out of the system; the deaerating healer is a sophisticated degasifier. 
Steam is used in a more primitive way for sparging and heating a variety of 
liquids, from food products to wastewaters. 

Another example of direc t ronlact of steam with another fluid is the thermo- 
rompressor, where high pressure steam may be used to bexist low pressure .steam 
Id a higher pressure where it can be used. For example, an industrial plant will 
often have an excess of low pressure steam at 5-15 psi. This plant may need 
50-100 psi steam for dryers, rcboilers, or some other use where higher tempera- 



ture 15 needed. A theminromprcssor ruuld boost the 5-15 psi steam to 50-100 
psi by using live steam directly from the boiler on the jet of the thermcK'om- 
pressor. 

Most heating applications are indirect, with a heat transfer surface between 
the steam and the fluid in be heated. l'he.se units are called surface heat ex¬ 
changers and include a wide variety of devices such a.s conden.sers, .stage healers, 
process heat exchangers, reboilers, evaporators, and spate heaters. 

The most common surface heat exchanger, the shell-and-lubc* type, transfers 
heal from steam or another hot fluid to a colder fluid priiuipalK hy rcindiutioii 
across a metal tulx'-wall separating tlie two. The rate of heat transfer depends 
on the rcmpc-raiiire difference lx‘tweeii the fluids, the metal surface area and 
thickness, and the conductivity of the metal itself. Shell-arid-tiibe heal exi hangers 
can be of several designs. The more complex desigii.s aie usually more etiicieiii, 
but may be mote costly and more difhculi to clean and mainiain. 

Cli>sed feedwater heaters, also called stage heaters, aie lu-at exi hangers useil 
in steam plants to increase thermal efficiency by raising the temperature ot the 
feedwater as close to boiler temperature as possible with extracterl or exhausted 
steam. A utility system inav have as many as 12 feedwater heaters, alllHuigh il is 
more common to hnd eight, the ihoice being bused on the most practical heal 
balance. Kigure 59..SH shows the straight londeiisiiig feeilwatei healer; sIlmiii is 
always on the shell side, with feedwater pas.sing through the tubes, (iaiboii-steel 
is list'd for comstructinn of shells, heads, ancl lube .sheets in inosl leedwait-r 
heaters. In high pre.ssure heaters, lubes may be conslruiled ol cailxiii steel, 
monel, or i uprotiiikel; low pressure heateis arc loiiiiiioiiK lahiitaied with 
carbon steel, stainless steel, admit alty, or !f0-l() cupioniikel tube's. 

The surface loiulenscr is a special dc'sign ol shell-and-lube heat exihangei 
operating under a vacuum created b\ inncleiising steam exhausted lioni a tur¬ 
bine or from priness equipment such as multiple-eflecl evaporalots in bauxite 
proce.ssing plants, kraft pulp mills, and sugar rehiieries. Aii ejeclois oi met liani- 
cal pumps remove niin-condc'nsible gases, such as O^. CX) 2 . and Nfl.i, rinm the 
vapor space. Utility condensers usually include a degassing oi deaerating .seilion 
ill the hotwell to a.ssist in the removal ol iion-i ondensible.s. Figure 3n.5!l dlus- 
tratc's a typical utility-type surface condenser. 

The ciMiling water flowing through the conilensrr lube.s may or may not l>e 
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makrufj ur fci^dwaLiM'. In a iiiility, there is no way to rerlaiin this heat because the 

I water iei|Liircmeiils aie so niuih {rrealcr than makeup needs. However, 
nidii\ industrial plants, such as steel mills, pulp/paper mills, need relatively large 
volumes ol makeup, and londcnser tiKiling water may be used for this purpose 
il the iTtoveieil heat is usable: it ma\ be recoveiable in ibe winter, but not in the 
stmiiner, which is often the case lor piilp/paper mills. 

Kel^oilers are tubular heal exchangers commonly used in petroleum refineries, 
usually inserted in the bottom ol a distillaiioii column where the tubes are sur¬ 
rounded with hydrorarbori being processed, and steam is supplied to a headbox 
Irotti which it passes into the tubes. This is one of scveial prcM'ess applications 
wheic‘ sieain Hows inside rntliei than outside the iiiIr’ bundle. 

Space heateis are widely used Irii i omlcirl heating ol offices, shops, and planLs. 

II steam is available, il is often userl in tubes within the space heater. 

riiere is a large variety of steam-jacketed prexessmg cqiiipinenl in industry, 
including kettles in the IinhI industry, reactors in the ihemical industry, rotary 
drum di'verri, and eva|X)rators. The latter u.suallv comprise a series of vessels 
rcinlnining reboiler elements, with a condenser and a heat exchanger lor opti¬ 
mum thermal efficienc'y. Mam of these prixess vessels are o|>eraied intermit¬ 
tently, but some of'the more sophisticated, such as the continuous digester in the 
pulp industry, o|>crate on a coiuinuotis basis. 

It is unusual to find dejMisits in most steam process equipment, particularly if 
the ef]uipment is in continuous, steadv operation; but deposits do occ'a.sionally 
cHcur. They usually develop bec'ause of'in leakage into the steam .side from the 
prcH'ess side of'the vessel, caused by the vac'uiiin that cfevelops during shutdown 
drawing in coniamiiianls through a leaky tube. (»ross carryover‘iif boiler solids 
with periodir welting and drying in the process equipment may also cause 
de|M)siis as the solids conientrate. 

A much more common problem with process equipment is coirosiun, often 
due to inleakage of oxygen caused by vacuum during shutdown or under throttle 
stc'am ccjnditions. Concentration of' CX )2 also occurs with improper devices for 
temperature or pressure control. This .shows up quickly as a liRalized drop in 
condensate pH where the CO 2 is allowed to ronccnlrate. Ammonia attacks 
copper alloys, in areas of C )2 inlcakage, particularly where conditions permit its 
concentration beyond the initial NHa concentration in the steam itself. 

The major use for steam is motive power, since this is its sole use in the utility 
industry, which is the largest consumer ol energy in most industrialized coun- 



tries. Even in moderate-sized industrial plants where the chief reason for gener¬ 
ating steam is for process requirements, the steam may be pul through a turbine 
at high pressure, with the exhaust steam then being used for the process needs. 
Turbines are the major prime movers because they are compact and ethcieiit and 
require little maintenance; however, reciproc ating piston steam engines are still 
found in many older plants throughout the world. These prime movers may be 
used for direct drive of pumps, compressors, and other mechanical devices, or 
they may be connected lo a generator to supply electrical energy for motor-driven 
devices and other electrical acce.ssories. 


STEAM USED FOR POWER 

I'he development of the modern steam turbine was a monumental engineer¬ 
ing achievement—first, for the designer who was able to translate the complex 
mathematics of thermodynamics into blueprints, and second, for the builder who 
could convert the intricate design into precise shapes lor manufacture almost on 
a mass production basis. In the simple, single stage turbine, .steam is directed 
through a series of carefully shaped nozzles onto blades, or buckets, bxed at the 
circumference of the disk attached to the turbine .shaft. This is known as the 
impulse stage. As the steam leaves the rotating blades, a .second set ol stationary 
nozzles may be used to collect it and tedirecl it onto a second set of blades, in 
which case the set oJ nozzles and blades is called a reaction stage. Most turbines 
contain multiple stages, some impulse and some reaction, depending entirely on 
the duty required of it and the balance of cost and performance. A simple single 
stage turbine is sfiown in Figure 39.40, and a multiple-stage iitilily-ty|H* turbine 
is shown in Figure 39.41. 

There are two basil categories of steam turbine operation; condensing, where 
exhaust steam discharges to a condenser at subalmnspherir pressure; and non- 
condensing, where steam exhausts into prexess steam headers undei pressure 
(c.g., 100 psi is conimnii in the paper industry). 'lurbine operation and design are 
further classihed as to the How oi steam through ihe turbine: How patterns 
include straight flow, reheat, aulomaor extrailion, and non-aiitomatii exiractioii. 

In .straight flow systems (Figure 39.42), steam at full thioirle is cliretied by 
nuzzles through the entire hank of rurbine stages to exhaust. Keheat turbines 
(Figure 39.43) gain elficieiiry by discharging steam at an intennediaie stage for 
reheat in the Injilei furnace, with the higher leiiiperalure .steam being returned 
to the next stage of the turbine for further work. In aiiiuiiiatii expansion, steam 
is extracted from the main How al one or more |>oinis for process use, with the 
balance passing through lo exhaii.sl (Figure 39.44). Nun-automatic turbines 
bleed .steam at one or more stages lor feedwater heating (Figure 39.45). 

'Fhe most troublesome type ol turbine problem related to watei treatment and 
boiler operation is the accuinulatinii of material on the turbine blading. This may 
he either inorganic, which is most common, or organic. Some ol the volatile 
materials released from the Ixiiler may condense as the pressure and temperature 
drop as the steam passes through the turbine. Silica has been mentioned as one 
of the components of boiler water that can volatilize, and it is one of the prin¬ 
cipal contiibutors to turbine deposits; it lends to deposit on lower pressure stages 
of the turbine, usually al 50 psi or below. The silica limits set for Imilcr water 
assume that the steam will l)e pa.ssed through turbines. If the turbine exhausts 
at 100 psi, there may be no problem in carrying higher silica concentrations than 
those recummcnrlecJ in Tables 39.8 and 39.9. T'he relationship between silica in 
boiler water and silii'a in steam has been carefully studied, and it is possible to 
predict the point at which silica will sublime. 

Turbine deposits may originate from organic materials in the boiler steam as 
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uHl as innt^^aiiit nialeiials L sualU tliesr air lausrcl h\ piiMCss leaks inlfi the 
(onileiisalL svsieiii, hut \\ii\ iiia\ alsii oii^inale iii tlie liiw walei either fii>ni 
iiatuialls iMCiiiiini; ot^anit niaieiiaU m (tirm (ii(raiiic wastes tlisihatf'ed iiini the 
walei souiie luim iniliisliial plants oi lioni iiiuiiiiipal sewa^rc tieatinent plants 
I heir aiL iiuineiiitis ailililiorial uses lin steam in iiiiluslnal upcialiun Man> 
fabNialirin simps usl si ram fin iipeiatiini ni fniifes. hammers, and pi esses The 
siiam i \liiideis usualh teipiite salinated oi sli^hlK wei steam, anri ate liibiiLated 
vMih specialh l intipciuiulril ml. su in plants id this kind it is irniimiin to find oil 
111 the exhaust steam and imidensait Steam jet ejeiinis with haiumrtiiL luii- 
drnsris ate liei|ULnll> used ui piodiiir xaitium loi stub diseise puiposes as 
(lLi>assiiig steel and distilling firavs hvdiiicaibon liactions 


CONDENSATE RETURN 

( ondensaie pi odiiied when slixiin is used in am kind of pi mess is seldom cooled 
measuiablv below the steam lempetaline Because it is hot, ilosi' to die steam 
iLinpiialine, tlu* collection sssiein and piping used to handle it nuisi lie rare- 
Ili 1I\ selei led 1 he piping is geneialK lai gei than that used lot i old watei bc'iause 
piessuie clio|> will cause stCtim to flash lioiii the flowing ciimleiisatc, choking the 
pipe anil leslficting Mow 

( ondensaie mas he piikinl up hv a pump foi ht>osliiig to the l>esl point of 
I etui 11, OI It nia\ be ileliseied to a |MJinl of lowei piessuie simph h\ the pressuie 
giarlient 

Icnhine c ondensaie is not malls iidleited iii a hotwell, and a Icsel is mamtained 
111 die hotwell so that the pump Itansleiiiiig the iciihine condensate to the 
dtaeiaioi will ha\e jde(|ciate net positive stiLlioii head Ihc level m the hotwell 
IS mamtaiiied by leluiiuiig some id the pump discbaige, depcmdmg on load 
flue tiialicins 

Pi CM ess condeiisale is also usuallv leluiiied bv pumps to the deaeiatiiig healer 
C ondensaie leceiveis i idled the picKess coiidcMisate and iiidinlaiii lesel cuniiol 
so lhal the pump handling die hot iondensaie will ha\e adeipiale suction head 
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£\en so, special designs ot lentrifugal pumps arc usuallv lequiieil foi handling 
hot Loiulensaie Condensate systems c an become quite sophisticaleil, as m a papei 
mill, where condensate from high piessiiie disei foils may be Hasherl to ln\\ei 
piessure steam in the condensate system and then loiiic'd lo anolhei disci 
section 

Stage heater cntidcnsatrs aie noinially handled h> grayitv. leturiimg to a limei 
pressure stage heater, the deaeratoi, oi eyen the coiidensei hot well 

OnLe the condensate has been collected, the ptopet point id icliiin iiiiisl 1 h* 
derided upon In the utiliiy station, the eiitiie How ol loiideiisate may be pol 
ished thiough some type* ol ion exchange system beioie being retiiineil to ihr 
deaeiatmg heaiei In indusinal plants, if the londeiisaie is lontaimnated it will 
be sent to a treaiment plant l>eloie leiuimiig to the deaeratoi I ot the most pail, 
condensates are returned to the deaeialing eleiiieiil ilsell. as tlu*y may contain 
dissolved oxygen and othei gases, howevei, high piessuie leiuiiis lice ol dis¬ 
solved oxygen may l>e sent iliieitly to the slot age section of the deaeiatmg heaiei 
to flash and supply steam loi the deaeialing o(K‘iaiion 

tor the most pail, the cundeiisite handling system is ol oidiiiaiy lailMin steel 
construction, although pump impellers, valve trim, and heal exchange lubes aie 
usuall) oi Loppei alloys Because cniiilc'iisatc is usually hut, il ioiiijsi\e agents aie 
present, the rate ol coi rosion will usually he greater than what would lie expected 
in cold walei I he principal agents of (oiiosion aie taiboii dioxide and oxygen 
The LOj IS normally piodiicecl by the breakdown ol alkalinity in ihc boilei and 
the oxygen may be diawri into the system by inleakageol an or ol watei contairi- 
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in^ iliss(il\L€l n\>gm (pump scaling ^alci, iiii examples) Insptitum of ilie lon- 
dtfisait piping piuvides a gontl clut as to die rausi of loitosioii, as shown 111 
I igures 4(i and 34 47 

I he piiiiLipal cause of Loiiiisioii ol loppei allrns is ainnionia 111 s\stems ion- 
laming (), (figinc 34 48 ) 

Without adequate ncalmenl ol the sicani, llu pH of lonrlinsali would 1101- 
iiialh he low hiiaiisi ol tin picseiuc ol caibon dioxide I he application of 
\olalile alkaline amines will tonlrol attack b\ iieutiali/mg larboiiic acid, thus 
raising the pi I value of the svsiem In a light svstein, the neiitiali/mg amine is 
often adei|ualc loi the coin|>lett coiiosion contiol piogiam Howevei, many 
systems aic opv 1 aicd iritenniltenlly 01 uiidcr thiottlmg (flow ustiuting) condi- 
tions when oxygen inleakage can ikcui 4l these highei lescls of oxygen, ncu- 
tiali/atioii IS inadequate as the sole piottctivt measure against corrosion ol steel 
piping In suih cases, volatile rilniing amines are added to thi steam whiili upon 
Loiidc using piocluiL a w.ixv siihstaiueon tin tneial and pi ovule ahaiiui hclwceii 
the flowing loiidensalt and the pipe wall so that coiiosioii cannot iiicui figure 
34 44 ilhistiatcs the action ol lihiimg (oiiosion mhihiiois m a londctisaU sysleiii 

ll>dia/iiii may be used IniiIi lot pi I collection and oxygen scavenging, but il 
becomes iiiieconomiial when high levels of laiboii dioxide and oxygen ikcui, a 
common condition in most industiial opciations 

In plants wheie gloss cfiiilaimiiatinn ckiuis, ihe soiiice and lausc should be 
located and c oriected An i xample of such an extuireinc is the use of steam foi 
piodiumg hot walei thioiigh a heat cxchangci 1 he iiidusiiial ojx-iation may 
lecpiiiL the hot watei at a specific Unipeialuie, l'SU°F lot example and a iheimo- 
siatic ekmeiil is installed 111 the watei line to legulate die steam flow into the heal 
exchange! at cording to watei flow and exit tempeialuie At low watei flows 
wheie the steam demand is low, the steam admission valve iiu) he so fully- 
throttled that there is acluallv a vacuum in the vafxn space Most of these systems 
ate designed lor pressure opc'iatiori. and undei vacuum air leakage is common 
If a neutralizing amine is used in a system of this kmrl, it may be easy to locate 
inleakage ol this sort lieiause the air in the iiidusinal atmosphere will contain 
enough iX^ to drop the pH of the condensate at that paniculai point So a way 
to hnd the source of an inleakage in a complex industrial plant is to sample con- 
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deiisate at all sources and (oinpaie llie pif ol llie sample* rcmcU-nsale uiili [he pi I 
ol a cntulensed sieam sample iir a sample ol loiulensate known to be liee ol 
armosphenc nintannnaiion. 

Where attack ol coppei alluv has lK*eii louiul lo hi* caused h\ ammonia, him- 
iii^ inhibitors will usualh pi event liirtheT attar k b\ piexenlin^ Oj hom ii*ailiin^ 
the surlace. 11 the ammonia Lonceiiiiatioti is hi^h, reiiuiiioii of ammonia in the 
pretieatmeiH system should be Lonsideied. 

Neutralizing Aminea 

1 he rnosi Lommonlv used neutralising inhibitors are aiiiines such as morpholine, 
cyiloheNylamine, and dieihvlaminoethanol. The ability of each pioduit nieii- 
fioned to enter the condensate or waler phase is mdiiated by its vapoi-io-liquid 
dislribution ratio. 'I'his lalio compares the toiiceiUralion of amine in the vapor 
phase* to the conLenlraliun in the watei pliase. 

Vu[Hn to hquid 
Produtl dnlr^huttmi ratw 

Miirphiilinc (I 4 ii» 1 

(.yLlohexylamiiie 4.0 tii 1 

nicthylaminoeihanol 1 7 to 1 

In order lo neutralize carhonir acid, the amine must bt* present m the water 
phase. I'he distrihulion ratio indicates the preference ol an amine lor tfie water 
phase or ifie vafxir phase. An amine such as morpholine, prelcrrin|; the water 
phase, will be present in the initially formed condensate at high temperatures. 
On the other hand, cyclohexylamine tends lo remain with I he sieam to enter the 
condensate 'as the temperatures decrease. 

Because of their differing vapor-to-liijuid distribution ratios, two or more such 
amines may be used together to provide effective neutralization programs for 
complex systems. 

Neutralizing amines are led to the feedwater, boiler steam drum, or steam 
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header. They are cnnirolled hy mnniforini^ ihe rerurried rondensaie pH from 
samples taken at the bc^pnning, middle, and end of a condensate system. 

Filming Inhibllora 

Inhibitors used to film criiiilcnsate systems are amines with rhain-like molecules. 
One end of eaih molecule is hydiophilic (loves watei), and the other end is 
hydrophobic (hates water). I'he hydrophilk end attaches to the metal, lcavin|( 
the other end to repel water. As the molecules accumulate, the surface becomes 
nonwettable. The him, theiefnre, provides a harriei against metal attack by water 
ir)ntaming tarhoii dioxide, oxygem, or ammonia. Since the molecules also lepel 
each othei, tliev don't Lend to build up layers oi thick fdins. Instead they remain 
a mono-molerular, protective hint. 

A him one moleiule thick actually improves heat traiislei in condensers, 
dryers, and other heat-exchange equipment. By promoting drop-wise coiidcii- 
s.ilion, an insulating water film between the water and metal surlai e is prevented. 

Good ilistiibutioii ol hinting inhibitors is of prime im|)orLanre in preventing 
tondensalc loriosioii. IVoleitioii depends on the iitaiiitenaiice ol a continuous 
fdm. Since steam and i ondensate can wash away the Him, it must be ronstaittly 
repaiied hv i oiilinuous leerl ol the inhihitor. 

Olladecylainiiie and certain ol its salts weie the lirsi chemicals to l>e used as 
filming inhihilors in steam-condensate systems. However, Ix^cause of their wax- 
like natiire (wdiellier su|)plied in Hake or emulsion lorm), it wa.s diffirult to put 
these ibeiniials into imiform solutions lor leeiiing. A relatively narrow conden¬ 
sate pH range ol (i.ri- H.O is lequired for the iii'tadecylamiiie to form a film and tn 
lemain on the metal surface. To overcome these limitations molecules formu- 
laterl specifically lot boilei plant cciitditions have been develcjped as alternalives 
to oLtadec'ylaniine. 

Most fdiiting inhibitors can be fed into the boiler system at several liMations: 
they (an be pumped into the leedlines, directlv tn the lK)iler steam drum, or into 
the main supi'ihealed steam header. 11 onh the process equipment needs pro- 
leitiim, the inhihitoi may be i oti\eiiieiitly led intn the cleKSiiperhealing water at 
the process .steam lieadet. Regardle.ss ol the leedpnint. however, the inhibitor 
should be fed continuously ftir best results. Dosages are not based on oxygen or 
carlNm dioxide ciniCeiiL ol the steam. 'I'he amount of inhibitor required is set 
aifording to the system's surface area, (creation ol an effective him is a physical 
pifH'e.ss, highly dependent on Mow rates, feeding, and testing techniques. 

EVALUATING RESULTS 

There are several good ways of finding nut how much corrosion is occurring in a 
system and how cfl'eclivc a prevention program is: 

Test nipples—'The use ol test nipples, installed in steam or condensate lines, 
|3ermil5 both visual tiispeciion of system conditions and a measure of corrosion. 

The nipple can be weighed before and after the test interval to determine 
weight loss due to corrosion. 

Test coupons—have also been used to evaluate condensate corrosion condi¬ 
tions. Preweighed coupons in holders are inserted in condensate lines. After 
an arbitrary time interval (usually at least 30 days), the coupons are removed, 
cleaned, and reweighed. I'he difl'erejice in original and hnal weights, when 
coupon surface area and exposure time arc known, gives an indication of rate 
of metal loss due to corrosion. It should be noted, however, that such test cou¬ 
pons usually cannot identify bottom "grooving" and threaded-joint corrosion as 
they occur in actual piping. 

Testing for corrosion products (iron and copper) in condensate is a preferred 



and widely used means nF nbserviiif^ cnrrusion trends. Since metal corrosion 
products in Londeiisale are iiiuinly present as insoluble particulates rather than 
in dissolved form, methods of sanipliiif^ that insure represeiiLilive and propor¬ 
tional rolleition of partitulales are importani. 

A f^eiicral level of corrosion products in the O-fiO p.g/1 ratine indicates the sys¬ 
tem is ill loiilriil. Beiause of the problem ol sampliii|r error when looking; lor 
this small ijuantiiy of panic ulaies. a relatively lar^e amount ol sample necMls to lie 
run. Two accepted metliiids u.seil are: 

1. Visual estimation ol iron Loiicentratioii based on the degree ol rliscolora- 
tioii of j memhiane hller through which a known volume of Loiideiisale is 
passed. Estimation is made b\ lumpaiing the memljiaiie pad, altei liltiaiion oi 
the sample, with piepared standard pads having color er|uivaleiits ol specific 
iron \ allies. 

2. V''cr> precise qiiaiilitative cleterniiiiaiioiis oi total iron and roppei values 
are easily made by the Aiialex iiielhoil. In this proiedine, a sample stieam oJ 
condensate is allowed to flow' through a siiiall plastic cartridge containing a high- 
purity hlter of ion c'xthange materials Inr a periud of 7-‘)0 da\s Pariiiiilaies arc' 
captured hv filtration, while dissolved solids are retained h\ ion exchange. Uv a 
iini(|ue laboraloTV priMess. the total w'eighi ol each melal is c ah iilaietl. A scries 
ol successive Analex analyses gives a complete and at cm ale piiiiiie ol coii- 
den.sate corrosion irc^nds. Nnrmallv, when iiihihiinrs aie used in a svstrni ])i e- 
vinu.sly uiitrealeci, the (onosinn pi odiiris ohserve^d in the i niiileiisaie will iiii ic^ase 
temporarily. Most inhibitors have a “di'lergent efiect" anil lend to slough oH old 
oxides, riiis niiisl he taken into c oiisideralion when evaluating lest lesulls. 


SURVEYING A BOILER SYSTEM 

The* purpose ol survc'ving a boiler system is to develop pli\sica1 and chemical 
data (lehiiiiig the system and its relationship to plant operations with the goal ol 
operating ai |H*ak elhcicnrv with iiiimmiini mamtenaiire. Physical or mechanical 
data cover the various types of ecpiipmcnl in the system water supply and treat- 
meril ec|uipmeTil, sieam-c ciiisiimiiig iinils, coiidensute hdiidlmg, prehoiler aiixil- 
iarie.s, and the iNiiler ilsell. Heal balance data are also ini hided. I'he chemical 
data include analyses cif all w'aler slri*anis of .sigiiiliranLe—raw walei, condensate 
streams, treated water, Imiler feedwater, boiler water, and wastes. This exten.sive 
data gathering is iiei'essary because^ each boiler system is cimcpie and the cip- 
tiniiim performance standards change as new eciuipmeiit is added, water sup¬ 
plies are ihanged, and relative costs ol fuel, capital ei|uipmenl, anil lalroi shift. 

Making a complete power plant scirvi*y ref]uires review of six speciht sources 
ol information: 

1. Utilities system flow diagram 

2 . Descriptions of the mechanical equipment and water systems, including 
physical dimen.sions and capacities 

3. Analyses and flow records of steam and all water sources in the boiler 
system, including wastes 

4. Depo.sil analyses from pa.sl boiler inspections 

5. Metallugraphii analyses of any deteriorated boiler tubes, condenser 
tubes, pump impellers, piping, or other specimens of metal failures 

6. Operating log sheets and service reports 

Power PlanI Flow Dlogrom 

The flow diagram showing the utility system and all its parts traces water from 
its source through the pretreatment plant and then intc3 the feedwater system, 
where it joins the condensate. It show.s the path of the feedwater to the fx>ilers. 
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Figure 38.50 Industiial plant boiler house diagram shu^inf^ pietreat- 
inrnt, prrMCSS steam use, and londensate return. 


and the disinbulinn id steam to turbines and process. The flow diagiam ini or- 
ptJTdtes all stcdni-u.sin|^ process equipment and the returned londcnsate flow. 
Figure ^9.50 shows an example of a ulililies diagram. A diagram like this should 
be prepared oi checked by the investigator by louring the plant and interview¬ 
ing opeialing personnel. Blueprints may not give a current pitlure because 
many id these are prepared at the time ol construction, and ma) not have been 
reviseil as changes were made alter startup. 

While preparing the flow diagram oi the system, data related to that system 
should be Lollected. Figuie ^19.51 shows a typiial plant siiive) form that is used 
in ret Hiding data of the utility system shown in Figure 39.5U. 

i'he survey now requites updated water analyses id all the souiies luniribui- 
ing to the boiler feedwater, including raw watei, clarified and filieieil wulei, zei>- 
lile-lreated water, individual condensate returns, and the feedwater itself. 

Discretion must Im* used when deciding how complete an analysis is required 
of each ol these samples. For example, if the water supply is colored, but there 
is no evidence of pioblems having developed in the plant from organii materials, 
there is no need to determine organic matter using such tests as BOD, COD, or 
roc, on any of the sampling points along the makeup path. If there is occa¬ 
sional hardness leakage into the condensate, the only analyses which may be 
needed at the condensate sampling points would lie total hardness, iron, pH, 
and conductivity. The troublesome point in a condensate system can often he 
detected by hltering the individual samples through membrane filters and com- 







Flgurs 39.51 Planlsurvery data iri|iiirF*cl fm rvalualntn r>l 
ail indusirial siraiii/r iiiiik'iisatL* s\sI('iti 


paring ihc liltcr pails hasrrl nn the filirarimi of a uiiiliiiiii samplr vidiiiiie, 5(10 
ml, Tur example. 

On the other hand, tondeiisaie being sewered may lequire lalliei snphisli- 
caied analysis lo detenniiie its siiiukililv fr>r hoilei leeilwalei. li may toiiiain 
chemiral contamination from priKes.sing operations, oil, high Lonieiilralions 
of dissohed gases such us NH:i and 11(]\, atid high levels ol various suspended 
solids such as corrosion products oi ilebris. 

Determining the flows ul the many sircains usually requiies ingenuity on the 
part of the investigator, l)eiause for the ninsi part, flow meters are found onlv 
on the clarilici inlet, the individual /eolite units, loial leedwater to the hoiler, 
and total steam production. Determining the ratio of condensate to makeup is 
rcfativeJy easy, since the condensate in most plants is ijuite pure toinpared to the 
makeup, and coiiduirivity is a simple means ul deteiiiiiniiig the latio. How¬ 
ever, where the plant has a deniineralizer, rneten'd flows must Ix^ used since the 
makeup is then as high in quality us the condensate. In determining the ratio 
of various loridensate streams to one another, sometimes temperature ilifler- 
enres provide a handy means ol making the calrulatinn. For example, in the 
illustratirin u.sed here, the temperature of the turbine condensate will probably 
be about 100°F (38°C'), with the process condensate coming back at alM)ul 2()()°F 
(93"^). The actual temperatures ran Ik' measured, and the temperatures oi the 
combined condensates determined lor calculating the ratios. 

The most difficult sampling is the steam itself, beLau.se a reprcsenlalive sample 
is hard to obtain without making special provisions for it. Figure 39.52 indicates 
the recommended procedure tor sampling steam and condensing this for 
analysis. The analysis may only require a determination of pH to establish the 
level produced by the application of a neutralizing amine as a benchmark for 
interpreting the pH of samples of condensate. On the other hand, steam sam¬ 
pling is extremely valuable as a means of locating sources of trouble in a system. 

Figure 39.53 shows data obtained from the use of a hydrogen analyzer 
(Figure 39.6) to determine the hydrogen level in a steam produced from a 
boiler having process contaminated feedwater. The corrosion action within 
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the boiler caused by destiucLiun ol the protective him of magneUlr produced 
hydrogen diiectly fiiim the attack of the IxMler steel, which is easily observed 
on the hydrogen analyzei ihait 

A common method foi detei mining steam quality is bs use of the specihc ion 
clcitiodc loi sodium Since the salts dissoUcd in tiu bfiilci watet art sodium 
salts, the piesenie ol sodium in the steam sample is a diiert indication of caiiy- 
ovei figure ‘IM ^0, disiusscd eailier, shows the ihart ol suili a sieatn analysis 
in a plant where peiiodii lariyovLT was ociuinng 

11 tht siiiXLS IS hciiig Loiicluiied lo impioxi thr cllicieiuv ol the steam plant, 
s|K(ial aiientioii must be given to two major walci-ielated opciations, the 
hoiUi blowdown losses and Liiiulerisale losses I he boilci blowdown can be tal- 




Flgurs 38.52 Rcrommended sihcmc loi sampling satinaicri steam lor quality 
monitoring Superheated sicam requires a modiherl nozzle to recirculate a 
poiiioii ol the ronriensed sample liii desuperheating f/rom ASIM Standard 
MfthiidD 1066 69) 






Figure 3B.53 (iraph nt fiissolvt*il hvdnigfn in stt^.iin from <i 2^0 
|jsi indusiiidl Imiki A ijitlul slur1\ dt'UHttd ptiitMlK Loniaiiiiiu 
Unn of I UTidcnsdir b> p< tchlniiK^ihvlciiL that h)clinl>/Ld tii HC I iii 
the Imilei, gcniriating livflingrn 


tLilatcd iiom iheiiiica] laliiis C uniirnsaie los«ri« will thin Ih. clt II i riiiiii d as the 
clifleic'iKC beiwL*en makeup and ifedisaiei, ^hiih air iisualK meiiicrJ ipian- 
tUtes Of course, a tornplele study of the boilei plant is ncedid In establish ihi 
dttual opeiating efhiieiKV, the ysater-relaied tailors being only pan of ihi 
eneigy losses A typical eneig> sui\ey foi a small plant has been shown lailici 
in Table 39 11 

Reioinmendations loi imptoyemeiil may iiifhide sinh steps as Lhanging ihc 
lombustioii iimditions in the bndei In leiliae extess an, icduction in blim- 
dciwn, and a plan loi initeasing ihe amiiuni ol londensalc leluin by eilhci 
condensate treatment or siiiipK a lepiping of conilLiisatc that had Iillii lost to 
a sewei 

The next item on the suiye> agenda is the toilettion of depirsit analyses liom 
past boiler inspections Again, discretion is needed in deciding how txtinsivi 
these anal\ses need be Typical analyses have iK'en given eailier in this ihaptei 
Tor the most pait, chemical analyses aie adequate loi evaluating the pioblem, 
but m some cases the ci vs tall o graphic siiucture, which must Ire dciei mined try 
X-iay, will alsrr be needed Table 39 12 shows the analysis ol a deposit as de- 
teimined iMrth by dierniial analysis and bv X-ray dittraitiun A great deal can 
be gairu^d by having the nhsei vation ol the person c ollecting the sample i eioi ded 
as part of the data Fin example, the physical appearance of the sample as 
taken from the sue can be valuable infirriiiatiun Many deposits show a lammai 
structure, indicating periodic changes in the water envircrnmeiit forming the 
deposit If the problem should requite such painstaking investigation, the in¬ 
dividual layers can be arialy/ed to piece lugether a story ol the causes of variable 
environmental conditions II a deposit has bc^en found m the superheater tube, 
It IS often enough simply lo know whether the deposit is water soluble oi not 
So iheie is considerable judgment required on the part of the investigator to 
decide what is really needed in analy/ing depcrsits found in various parts ol the 
water circuit 

Metallographu evaluation ol s^recimens of failed lubes, pump parts, or priMCSs 
equipment is a valuable technique for determining the cause ol failui e so that 






















the program can be modified tif changed to correct the cause of failure A com¬ 
plete history of the failed section is needed, sho%ving its location in the boiler 
circuit oi in the process equipment and the conditions prevailing at the time of 
failure As part of the mctallographu study, any deposits found or the specimen 
aie analyzed as addilional clues to the cause of failure Figure 39 54 illustrates 
the section of a failed superheatei tube ihe section of the lube opposite the 
failure was of noinial slnitture (pcarliuc) 7he change in metal structure under 
condilions ol overheat ate seen in Ihe second section of this illustiation, and the 
nature of the metal at hnal failuie is shown in Ihe third panel, where the over¬ 
heated metal was actuall> iiMilcd as the steam rushed through the rupture I his 
rapid cooling caused quenching of the ovtTlicaied metal to produce the 
iiyslaUine situcluic seen in the thud panel 1 his failure «vas caused hy gradual 
aLcuinulalion ol deposits williin the supeihealer lube due to iinpropet layup 
pifKeduies when the boiler was shut down During layup, coiiiision of the in- 
leiiial tube sui faces cKCiiired, and the lorrosion products led lo ultimate lailure 
of Lhi' lube h> insulating the tube surlate from normal heat tiansfei rates 
Finalls, the nuestigatoi should leview all opeiating log sheets and service 
rejrorls lelaled lo the ulililv svslcin Theic will be found the letoril of normal 
and aliiifii nial ronditiuiis which were observed day-Lo-dav by the plant opera- 
lois, and such items as lepealed failure ol a fhcmical pump, foi example, can 
bt exiTCinelv valuable iiifcitnialinn in piiipniiiting the cause ol plant pioblems 
If a plain lias a boilc>r water consultanl, senice calls aic usually caieiullv re- 
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Figure 38.54 failure oi a siqreihcdtcr tube (ri) I he normal pcarliiic siiuduie 
(f ig I) was changed hy oveiheating (ft) 1 he huisting ol the tulie tooled the 
overheated metal to produce the quenched stiucturc (r) 
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TABLE 3i 12 Etemantel and X-ray DNfradlon Analyaoo 
of Brawn PopoaH irom a Steam Pnim_ 
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Chapter 40 

Effluent Treatment 


Ktilurnr water quality criteria are no longer mailers oi local agreements be¬ 
tween regional legulaluiy agencies anrl iiicJustries; they are established by state 
and (ecicral statutes. In rnnsidering effluent treatment for discharge into a re- 
1 eiviiig stream nr lake, each plant outfall must be considered individually as each 
leijLiiies j separate discharge |)crniii From the Environmental Protection Agency 
(EPA). This is f)ecau.se the cllluent characteristics vary widely; even in the same 
industry plants having the same capacity and priKesses mav produce effluents 
of widely difl'erenl i|uality and quantity. 'Phis may be ilue to dift'ercnies in I'aw 
material composition, sources of plant water supply, water use and rei ycle, 
geographic location, or age oF the iac'ilily. 

Sources of Effluent 

Data on raw water cniisuinplion may mil provide accurate information as to the 
quantity ol effluent that will require treatment. Instantaneous plant effluent 
flows can l>c as small as 10% or over 200% oF the incoming supply rate. Even on 
a daily average, the effluent may be only 20% oi the raw water supply due to 
evaporation losse.s, or may exceed the raw water flow on a rainy day (Figure 
40.1). Jo obtain information regarding type of treatment and equipment size 
requirements, all sources iiF water must he examined. 

Although normally containing little contamination after the initial flow, storm 
water ninofl can contribute signilicani volume to the plant effluent. Along the 
Gulf Goast, where precipitation may exceed 60 inches (150 cm) per year, plants 
must consider runofl' in their treatment plans. In other areas, climaiic condi¬ 
tions may provide a means to eliminate storm water discharge by favorable 
evaporation rates. Storm water may be collected and impounded as a good plant 
water source^—often much lower in dissolved solids than the normal supply; in- 
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Fl0Ur9 40.1 The clleit of slnrm water on plani effluent flnw rate. I and 2 are peaks 
caused by rainfall. 


stead uf being a ili-scharge Load, the storm water can liecome a benefit. Vor ex¬ 
ample, a refinery on a |j0()-acre (200 ha) site in an area where annual rainfall is 
56 in. (90 cm) discharges an average storm water flow' of 1.5 mgd (2.62 mVinin). 
A significant portion uf this may be reclaiinable if provisions are maile to rollert 
it during the rainy season. 

'The quantity of w'astewatcr How can be influenced by infiltration of ground- 
water into the .sewer system, especially during the rainy season. Sewers located 
below the gruuiidw'ater table or near .stream beds may have continual infiltration 
entering through poorly constructed joints, leaking manholes or manhole covers. 
Along the seacoast, the rate of inhltration may be influenced by tides. Rates of 
infdiratton range from 15,000 to 50,000 gallons per day per mile (35-1^ 
m’/km) of sewer. 


WATER USE AND CONTAMINATION 


Discharge patterns are normally determined by examining individual process 
water u.se.s. Process waters may be required for washing, rinsing, direct contact 
cooling, solution makeup, chemical reactions, process condensation and gas 
scrubbing opierations. Spent process waters normally generate the largest load 
of contamination in plant effluents on a daily average basis. This is usually caused 
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oilen produces a signifiiant impact on the waste treatment of>eration. Similarly, 
storage and transporl of raw material or product may require attention as a 
potential source of contamination. In analyzing wastewaters, it should be as¬ 
sumed that raw materials and products in the process area may somehow find 
their way into the .sewer, and these should be sought in the analysis if they arc 
iihjeciionable contaminants. 

Maintenance operations from cleanup and repair of equipment, tankage, and 
tank trucks or cars also produce concentrated wastes. 

UTILITY SYSTEMS 

Additional wastes are generated in preparing raw water foi use in the plant's 
utility system. The water treatment plant must dispose of suspended oi dis¬ 
solved solids removed Irorn the supply water as well as chemicals added for 
treatineiiL. '1 hese wastes may discharge on a continuous nr batch basis to the 
plant sewer from claiihers, hllers, softeners and demineralizers. 

The plant's utility system discharges less water than it receives. Steam is lost 
to the atniospherc, but the greatest evaporation loss occurs over cooling towers, 
when these provide the main source of heal removal. To control the buildup 
of unde.sirable materials in its watet systems caused by evaporation, the utilities 
plant removes a small portion of watei from the boilers or tooling systems as 
blowdown. The blowdown mav be only 5-10% of boilei and cooling tower 
inakeiip, accounting for the large “shrinkage" between raw water and effluent 
flows. This blowdown contributes some salinity to the effluent since it has been 
tonccntraied by evaporation, and also cnniaiiis chemicals that have been added 
to control corrosion, staling and fouling. A typical water balance of a rehnery 
having an evaporative tooling systcni .shows a 60-80% loss of water because oJ 
evaporation in the plant. 

Finallv, plant washrrMiins and dining facilities geneiate sanitary wastes. If these 
are not sent to a muniiipal treatment system, on-site treatment must be provided 
lor disposal. 


PLANT SURVEY 


liidusirial waste trealmeiit planning begins w'ith a review of plant plot plan and 
sewer diagram. I'he plot plan provides general information .sfiowing plant 
size, storage oi raw materials, intermediates and finuhed prodlML 
turing operaciom, materiab flow, i«acer supply and cAluent d^poKil* 

The sewer drawings show sewer and manhole loations, floor drains, separated 
waste collection systems, downspouts and storm drains ancf any existing 
effluent neatmeiit fatiliiies. A review of these drawings and available rainfall 
data will give a picture oi sewer liiariing.s, including storm water and plant 
wastewater. 

A valuable reierence to possible contaminant di.scharge5 is a review of purchase 
order records, chemical inventories used in conjunction with manufacturing 
operations, and final pioduction. Discrepancies between input and output 
provide insights into the types and probable quantities of contaminants that 
may be presenl in the pVam eVWuent (Vab\e 40.1). 


The potential for disposing of spenl ckmah hv dumps to ihtp)an} stwer 

ot/ier careless practires musi lie ronsiileied and fail-safe pnucdurcs dcvplopcd 
lu prevent .such occurrencr.s. . . 

Inspection of the manufacturing facilities should follow ^ 

ings. This i,>ur should h^-us on wate. use and resulting waste ^ 

each process to identify problenfi*s not readily cviriciU by a 



TABLE 40.1 Raw Matarlala Uot for ■ SnioN Plont Producing Toitllo Chomlcolo* 

Ariils (jiulfuric, stearic, uIcil) 

Aluminum stearate 

AIluIioIs (isopnipvl, ineilivl, but\l) 

Buivl Laibitul 

CMilnrmatcd phenuLs 

Fiirinahleh)de 

Kerusene 

Mineral oil 

Muniiethaniilaniine 

Oils (pme. pt'diuil, lastur) 

Pul) ethylene 

SiKiium rhiurirle. |h-i borate, tripolyphosphair, Indioxiile 

Snap flakes 

Fallim 

TapiiHd flour 

Waxes (}M*trnleum and N>iillieliL) 

*l'he.se rhemicals iiirludi* deiei^eiils. snfteiieis, wettiiij; af^enis, and si/es. All ol ihese 
are potential wastewater pollutants. 


Kxccss water u.sage, laiilly cmitrol, |K)nr hou.sekeeping, anri iiiarlcr|uate ei|Liip- 
nieni are tnrnmrin examples iirfat'Uirs innirihuting to unnecessary i oiuaniirianl 
discharges. Tlie inspection oilers the opporitinilv nl correcting and preventing 
coiilaminant discharges at the .source ratiier than removing ihc' rontamiiianl 
“alter the hut" in the plant elllueiil. Critical to reducing pollution in .1 plant 
i.s a program to make employees as aware of ix>llulioii as they are of safety. As 
with a surces.sful plant safely program, employee awareness requires loiilinual 
Lommunicaiion by posters and training session.s. 

The plant tour should also iiiiliiile an iii.spection ol existing waste iicNiinieni 
facilities to obtain operating data and ei|uipTiieiit sizes. In some plains, iiighi 
operations may difler Iruni day operations, so the inspection of each shift may 
be required. 

ASSESSING WASTE FLOWS AND QUALITY 

Of prime importance is the record of yolumcs ol water lequiring treatment. 
Flow of total plant discharge as well as indiyidual process wastes must l>e mea¬ 
sured. Many plants hayc: permanent flow nioniloring devices to meter total plant 
elflueiil. However, individual pirn ess area flow measurements are also neces¬ 
sary. To provide realistic data on flows to be treated, measurements should he 
taken over as long a pericid as piactical to .show what flow variations must be 
accommiKlated in a wa.sie treatment unit (Figure 40.2). 

Chemical characteristics of the wastewater and quantity of conlaminafiLs 
present must be established. 'These are dependent on the raw water supply 
itself, the water irealinent prixesscs, the concentration through utility use, con¬ 
taminants added in the process operatirm, nr rhemicals lost from manufarturing 
and inventory. fie.sides the probable contaminants identified thniugh raw 
materials use, additional types of contaminants may be present as byproducts 
from the plant processes or as trace contamination in raw materials. Each 
industry has its own wastewater prnfde. For example, petrochemical production, 
petroleum refining, and iron and steel manufacturing produce contaminants 
such as cyanide, phenols, ammonia and .sulhdes at different concentrations and 
ratios. A guide to determining probable contaminants in industrial wastes may 
be found in numerous EPA-funded studies that were used to e.stablish criteria 





fur efflueiii compliance by each major industry. Some of this data is summarized 
by Tabic 40.2. 


SAMPLING AND ANALYSIS 

After determining the contaminants to be analyzed for, sampling of the plant 
streams. Ixjth in selected maniifatuiring areas and in plant outfalls, can proceed 
to ilehiie lontaininaiit loading. The sampling schedule should uncover average 
crmtarninanl discharges as well as peaks horn cyclii or batch operations and 
process variables. In conjunction with the sampling, continuous monitoring of 
pH, tempeiature, and conductivity further define variations in wastewater 
(haraiteristics (Figure 40.3). Existing waste trealmenl facilities should also be 
sampled to e.stahlish unit loading.s, operating londition.s, and containinant 
removal effirirnries. 

A summary of the raw data may be prepared to show a breakdown of lon- 
tamin.uils and flows making up the total plant discharge, ([)iusing on coiitribu- 
lioiis liom the various protesses and maniilacluriiig areas. 

CONSERVATION TO MINIMIZE 
EFFLUENT LOADING 

At this point il it appears that a relatively large volume of water mav require 
Irealment, (on.sideraLion is given to reducing plant water use. The first area 
lot water loiiservatioii is usually priness water where water use often exceeds 
equipment i equiieineiUs. Secondly, waters ideniilied a.s mildly contaminated 
hut acteptable for direct reuse in a process not riMjiiiriiig high quality should 
be segiegateri foi retovery. I’he third area lonsideied is .substitution of recir- 
lulating water sy.slenis for nnce-through indirect or direct contart cooling 
waters. Iii the steel and jx*trolcum industries, the.se can make up a.s inuih as 
9i)7t td total waiei use. 

By simply providing additional rinse tanks with a ciiuiiterrurreiiL flow of 
rinse w'alei. metal plating and finishing plants may reduce rinse water require- 
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M = major factor 
C = contributes to the problem 
1 = insignificant 
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Figure 40 3 I niirlutli>il\ mil pli itcmri iil i null iiiill ill ^hiiwiii^ clisi h iii;i s li 
ihiiiii J AM mil 1 ') I M (.Milts iipi 111 il c nil il i> I his IS inulridis sc\mi pissing 
thiiMi^li llu null iiul him siii* ilnin disilosiii (lumps iil spt ni ilk ill In i iniL;lihniiii^ 
pi ml 

infills In o\ti IVt (ligiHLs -104 .mil 40 5) liisuill.uioii nl walti pit li c aimi'iit 
111 side sticam iiLaiiiieiit hiitiiioM ob)LiiJfiiiabh i(iiilaniiiifiiils hrini iLiiuulat 
iiifj (nolin^ svsunis laii ixUiiil Lixiliiif; naiei list and icdiKL blimclinsn 

tsaliialinii i>l the sui\i> data fiia> shon that a sin^lt piiutss ni iiianiilaLtiiriiig 
aiLa liisi liai 1^1 s lilt bulk nl iht miisl si^iiilu anl t niitaininanls piisciir in lliL tiiial 
plant disthai^i liuliMduali/Ld in plant Iil ilnuiit nl that pailiciilai sniiiie ma> 
bf isaTiantid In plating shnps this is usualh iLi|iiiitd bLiaiist luatnitnl ol 
mduidual iniuaniinanls siiih as Lsainile ni luxasaliiit iliiomiiiiii iirpiiies 
ihennial i tat Linns iiKninpitibk with one aiintliLi Pnni maintLiianLC piactues 
iiia\ laust Linnet I ssaiy inntainmalion, impioviil pi ai lues and install iliiin nl 
LniitainnuIlls Int spills and It aks tan rtdiiti Lniiiaininalinii ligini 40 b shuns 
a sthtnie Ini cunlaininiiU of stiongnastes fni leiuvLiv oi stpaiate disposal 
II possible, sanitaiv wastes should be inlleiied and sent to a niunicipal 
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tiratmenl plant An allriiiatt' iMjiihl hr In pinviclt' srplit tanks Ini the saiiitai\ 
waste and disihari^e niio a dianiage held il xnluiTie is small and gimind inn- 
diliniis p<-iniiL Ihe septic tank dischaige iiiav also he chininiated and ihen 
mixed with (he plant's piiuess wastes 

REVIEW OF EXISTING FACILITIES 

Some industtial disihatges inniam cnilnidal sniiiis in emulsilud nils ih.il aie 
dilhiidl tn teinnse anil nia\ latn ihiniigh the waste tieainunt unii ( nagidants 
aie lecpiiied to desL.ddi/c these suspinsioiis and allow the paitiihs to lloat ni 
sink A Lomiiinii pinhlem iii waste Iteatnunt units is slioit iitiuiling nl the 
wastewatei flow, eaiised l)\ pom distiihiiiinii of nifinw and rhschaigi, liliirl 



Rotio ol rinse mroler to drogoul flow roles 
Figure 40,5 Ratio of iinse watci iii dragoui flow rates 
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Figure 40.6 Diking Im innldiiimriii i»l sluing Mdsirs fni srpaiali* iiralmrni. 

ovL'i'lltm' writs, in iitliri |XMn rlcMgn Iratures. Installation ol balflr.s oi rerlrsi^n 
oi disiiihiitiii ami (ollriloi itianiiolfls Tiia> allrviatr the prnhlriri anil allow 
rftrilivr use ni the total unil. 

Not to hi' ovciliNiknl iii tlir plant siiivry is llir adrijiiatv of rxisling ri|iiip- 
mnit loi tiLMling llir asrtagr ssasiewain flow. If ilaiilirrs air fouiiil in havr a 
high hydtaulu loading, mini lion in watri u&agr oi the addition ol pioprrly 
si/ril rquipnirnt would be* required. 

Bifilogiial waste treatment units are very sensitive to wastewater londitions. 
Iiiefleitive loniaiiiinant remosals tan result hnm one rii several laitors siiih as 
variable How; loo high oi low an organic loading; low dissolved oxygen levels; 
iiiadrqiiate itnxing; insiiHiLieni nitrogen oi phosphoius nutrient levels; ptesence 
oi toxir tompoiinds; erratic changes in waste coinposnion, pH ot tem|>eralure; 
and growth ol undesiiable filanic'iitous baiteria or luiigi. The itiefleLiive 
tieatinent may also be related to iiiadeqiiate design, such as insuUicient acra- 
lion rapacity or deteiilion lime and inadec]uaie solid.s/liqiiid separation lacilities. 
A biosystein njieratioii may be optimized by careful review of all operating 
variables and institution of proper contiols. 

Although binlogiral wa.sle treatment can eflecrively reduce organics, microbial 
growths occuriing in other types ol waste treatment units may hinifer overall 
treatment eilicieiuy. These growths can pioduce non-flocriilating .solids or 
odorous gases that prevent efi'ertive sedimentation and cause fouling or plugging 
of equipment. They may be controlled by preventing accumulations in dead 
spares, elimination or control of their source ol food, and application of biiR'ides. 

Through the plant tour and review of survey data, it is often pris.sible lo 
reduce both the volume of waler and quantity of tnntaminants that require 
final treatment. Plants having existing waste Ireatineni systems may find that the 
in-plant contaminant reduction, segregation, nr water reuse studies provide the 
means for sufficieiil improvement to achieve current effluent compliance. The 
improvements may be realized by i eduction of water use with resuliam increase 
in residence lime. 

Control or replacement of chcmiLals at the process source may eliminate the 
need for a particular waste treatment process, such as activated carbon for 
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removal of refrarlory organics. Segregation or in-plant treatnienl of certain 
contaminants may prevent adverse efl'ecls that tan ociur with inixtures of ilif- 
fei-eni process streams, such as the coinplexing ol inelals I torn one stream with 
cyanides tViim another, and solids density loss h) mixing a lurhid stream with 
an oily sit earn. 


PROCESS MODIFICATION 

One altcriiatixe lui eliniiiiatiiig oi reducing process wastes itivolves the modilica- 
tion or elimination ol steps producing these wastes. For example, the peeling 
process is one of llie greatest souiies of waste in most Iruit and vegetable 
prcMessiiig plants. Research has been directed toward modirying the [leeling 
process so the peel waste lan he rrmoxed without excessive use ol isaier. t^ne 
such process mofliluatioii is the “dr)" (auslu peeling process lot potatoes. In the 
conventional steam or hoi lye peeling priKesses. polali) peels mas (ontrihute 
up to HO^r ol Lhe total elflueiit BOD. The new di> laiislic peeling method 
collerts |K'els and caustic as a solid te.sidue, preventing their eiiiiaiue iiiio plant 
wastewaters. 

In a chemical plant, additional stages of separation to iinprove pioduit viehl 
troiii evaporators, washers, lilters. or ii\stalli/eis may reduie loss ol produil 
to the sewer. Olten these additional stages are not eionomical in leiin.s ol 
product rccoverv costs, but they pay out in rediiiing final clfinent liefirinenl 
cri.sts. 

II possible, the in-plant oi wa.sie iiealiiienl impiovemeiils should lx* aiioiii- 
plLslird prior to making final plan.s lor arlilitioiial laiililies. With compUiion of 
this program, the total plant discharge shoulil Ih' reiharaileii/ed in lei ms ol 
both How and lontamiiiant coni enirations to reveal the extent ol the iiiiprove- 
nients as well as the eontamiirants still rec|Liiriiig leduction. Since the wastexaiei 
is likely to contain an an ay ol Liinlaininanls nl various i oni enirations, a single 
treatment process u.sually will not eflrrtivelv remove each containinaiu to the 
reL]uired levels lot rlisibarge to a receiving .stream. II the plant has no existing 
waste ireainient lanlitie.s, a .system ol twri or more stage's may lx* iei|iiired. 

The put pose of the first stage (rcit-iTed to as primary) or an intrniiediHte 
stage trealiiieiit proce.ss would he to remove oi reduce i oiilainiiiaiiLs that would 
interfere or overload a .subset|iient treatment unit operation (seiondary or 
advanced wa.sie treatment stage). 

With the final wa.sU'waLer chatac'leristics and elHuenl quality requiremeiils 
established, the selection of the li caliiient program may he initiated. The first 
step is to define the progressive stages ol Lrealmenl required to obtain the 
final waste quality goals. T'he designer should prepare a preliminary schematic 
flow sheet listing each sequential proce.ss treatment step. Perhaps available 
technology may offer several choices of methods as alternate schematic How 
sheets for comparison. 

Preliminary evaluation of the possible treatment schemes in terms ol estimated 
installed cost, system limitations, complexity of ronlrols, area and manpower 
requirements, and flexibility for future needs may decide the final treatment 
selection or simplify the choices considerably. 

A pilot study tn simulate the waste process Ls required to generate the 
necessary design information. 'This may l)e performed by laboratory bench tests 
or pilot-scale equipment. Bench scale studies are quicker and easier to perform, 
and may be used to screen and define chemical treatment requirements, 
and determine contaminant removal clflcienry. Oblaining a representative 
sample is critical for reliable results. The bench test should be performed on 
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cnmpcisilps and vaiicjus grab samples tn determinp reliahiliiy and establish the 
ability rn obtain repetitive results. 

Pilot plant studies should be undertaken where inlluent waste riucluarions are 
present and must be Lonsidered in the priNress perlormaiue. I'hc pilot studies 
should iiu'lude a rontinuoiis Mow evaluation, preferably on a slipstream ol the 
actual waste flow. The study should i ontinue for a long enough time to iiulude 
all the major vaiiables eiuounlercd in the plant, and to provide sufficient 
data for design purposes. In some pilot scale studies, such as biological treat¬ 
ment, an acclimaii/ation period is required to obtain reliable, steady-state loii- 
dilioiis (Figure 40.7). 

These studies delerniine the rpiantity cd solid wastes generated by the propo.sed 
treatment. In many industrial wastewater treatnieiil applications, from simple 
operatirms such as (nod proLessiiig to the complex processes ol a pet ruche mi cal 
jdant, solid waste handling and dispo.sal can present a formidable technical and 
eioiiomii problem. In some rases a ihemical wastewatei tiealinent program may 
be modified to reduce solids gc'iieration. For example, this could insolve 
leplac'ing inoigami loagulants with organic pcilyelectrolvies tn iniiiimi/e sludge 
flit Illation. Siniices of excess solids mav be located and brought iiiidei loiitrol. 
Keiluclion of chemical losses in the pnicess opeiatiuns may significantly reduce 
sliiilge pi oductioii. 'Fins is particularly true in iiieialhi waste ireatmenl where 
lime is ollen used lot neiitrali/ation-pri^Lipitaiioii. 

II solids air difficult to remove in a w'astewater darilier, the> will iiime than 
likelv be diflicitll to dewater, rhe.se sludges will olteii re(|uiie chemical sludge 
Lonclilioiiing and speiiali/ed piocessing such as precoat varuiiin nr pressure 
lillratioii. liiorgaiiii sludge iondiiioiiiiig cheniicaLs and precoal inaterials con- 
tiibute to r)])eraliiig cost not only liom a law mateiials siancl|Kiini but also from 
rehaiiflliiig, since then use contributes to the liiial volume, theieby iiicieasing 
ultimate disposal oi haul-oiil costs. 

III dealing with in-plaiii oi “eiul-of-pipc*” Ireatmenl, lonsideration iniisi he 
given to ultimate disposal rd the coniaiiiinanis removed liom the wastewatei. 
Volatile ingiedients may latise an pcilluticiii, and sludges mav Loiilaiii materials 
tital w'oiilil not be ricceplable lor landhll due to jiossible water or soil ton- 
lamiiialioii. 



Rgurs 40.7 ISench-scale bioliigicul siiiilies requiic frequent 
atientinn tci iihsrrve and reiLird data, diiiini; and Inllnwing the 
peiiod ol aLclimati/atinii. 
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SURVEILLANCE OF PROGRAM 

To insure cniisisLcnt Lompliaiice with c*fHupnt restrictions, not only a wrll- 
dcsijpied but also a well-operated facility is necessary. In dealini; with chemical 
waste treatment, over- or under-feed of rheniicals will result in inefficiency and 
poor i|ualiLy. (Chemical feed rates shoidd be veriHed periodically by jar oi 
laboratory tests. Also of im|Mirtan(e with chemical feeds is rorreci application 
point and uninterrupted teed. 

Must regulatory agencies require routine scheduled analyses for effluent com¬ 
pliance purposes. The critical effluent analyses should also be cherkc*d on the 
raw waste flow to adjust unit operations acnirdingiv. I’he frequency of such 
tests is baseil on inllueiil waste variation. 

In many iii.siances, on-line ttionitors are desirahle to provide a continuous 
record of efllueril cpiality and to adju.st chemical additions and ei|uipmeiil 
performance as neces.sary to iiiaiiitain optimum conditions. These devices can 
warn the cqx'rator il a lesl is out of its control range. 'The moniloring devices 
should be cleaned and calibiated as directed h\ ihe ec|uq)meni supplici and the 
schedule adjusted thiough experience. 

In addition lo control aiiulysi^s norniallv inquired on ua.^le heatmeni effliieiits, 
regulatory agtMicies may rc^qiiirc hiologii'al monitoring for disc barges to i ecei\ing 
streams or bodies of water designated foi wildlife oi i ec i CMlioiial ai livities. One 
form of this monitoring muy he performaiiLe ol loxiiity measurements 'These 
may expose indigenous fisfi species lo controlled dilutions of waste oi, iii cages, 
to the receiving stream below the plant oullall. Toial coiniis nf \arioiis a(|uaiii 
organisms above and below the outlall are someiimrs pieteiable. A change in 
the variety nf species aiirl ilie popiilatiiui.s nf eatli provides iiifoniiaUiin on tfie 
iiiHiicnce ol the plant wa.stewalc*i on the leceivmg stream. 

The iiidii.slrial dischaige may i omply with applicable criteria but still lonlain 
compounds harmful to the aquatic organisms oi wildlife exposed to ihe lec I'iving 
stream. Another form of monitoring related lo hinlogii'al aiiiviiy of di.sihaTges 
into surface waters is dis.solved oxygen .sag measurements downsiream id dis¬ 
charges. The temperalure, residual organic and dissolved solids lonleiil may 
produce a reduction in oxygen levels e.ssenfial to lisli life. 



Chapter 41 

Wet Gas Scrubbing 


Wrt SCI iihbrr.s use n lit|uicl lu remove soliib ]n|iiiii or f^ascMujs eontammaiils Iroin 
a SI ream. I'he scrubbing liquid pei forms this separabon by dissolving, trap¬ 
ping, or ihcmically rearrmg with llie rniitaiiiinant. 

Srrubbeis are used extensively lo rnnirol aii polluting c'missinns. So many 
iliileic^nl scrubljei ronriguratioiis have been useil tfiat there is some confusion 
as lo whether they all Ix'long in the same category. In some references, lor t'x- 
ample, the definition of a snubber may Ik’ restric ted to certain dc'sign rriieria, 
such as whethei the units are open or packed. In this ic*xt. anv device filling 
the dehnition of the first sentence is a wet serubbei. 

Si'iuhbei systems tan Ih- designed to remove entrained particulate materials 
such as dust, Hy ash, or metal oxidc.s, or lo remove gases, such as oxides ol sulfur 
(S(),(), from a flue gas stream lo mc-et air emission standards. 

PARTICLE COLLECTION CONCEPTS 

In scrubbing partinilate matter from gases, the principal tuncern is usually re¬ 
moval of particles smaller than 10 microns. Larger particles are relatively easy 
lo separate. The sucre.sslul design and operation of wet scrubbers depends on 
knowing the si/e, composition and derivation ol the particles to be collected. 

Figure 41.1 shows estimated sv/v tor some common pollutants. Just as hne par¬ 
ticles in water (colloids) carry a charge of slalii electricity, so do colloidal particles 
in the fumes and dust, defined as aerosols. If these particles carry no charge, 
they may be deliberately charged to assist removal by special separators called 
electrostatic precipitators. 

Among the particulates (term for the suspended solid materials) collected by 
wet scrubbers are dispersion aerosols from processes such as grinding, solid 
and liquid atomization, and transport ol suspended powders by air currents or 
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\ibiaiiim nis|xisioii atiiisfils lu iisliiII\ (ii.iist anil irniliiii i wiili i oJ 
pailiik si/cs Dispiisiiin at itisols tuiisisiitig 111 iiuliMilii il in slij^liih 
iiief^ularU tr3imLfl paitiLlcs ait lalltfcl dusts 

( midLiisaliDii irinsols an trniTiLd uhtii siipiisaliii lUrl \ ipnis iniidtiist i>i 
uhtii f^ases itait (lu miialU Ininiing i iiuiim)I iliU jiiuiluit 1 lu si iLUisnIs iic 
usualls sniallci than uiu muiiiii In (oiiiUiisi d aiiosols sulid paitiiUs itt olUn 
loose (rale s ril a larfiTt luimbei id piiniats pailuli s ol r i\si dliiu oi sphiiK d 
form C oiidtnsalioii aeiosols with a solid dispciscd pliast or a solid lupiiil dis 
pcision phase aic ilasstd as snuikts in iiimts Atiosols whuh iinliifU a li(|iiid 
dispel Sinn phase an tailed mists This classiliialion usuallv ipplus nfraidless 
o( paitide si/t and diOert ntiatinn is soiiutimes dilluidl 

In piaetiLL a tomhiiiation ol dispersion and (oiiiknsation atiosols is (iicouni 
end nilleitnt si/i pailiiks brliase diflenniK biLausL id sin h plivsiial pi op 
eitiis as liglil stallt nil); evapoiation tales and paitiik moMiiunl I In lIiokc ol 
iht bi si dcvin lot partiile lemoval liom gas is aliLLttd In iIksl diiltuiuis 
Paitjile si/rs solunies and ULigliis mav bt obuiiiu d In miiiiisiopK si/ing and 
density esimidtion 

PARTICULATE EMISSIONS 

1 imits on paiiKulatL (‘missions (sniokt niisl dust) an usnalK istablishtd in lour 
ssa^s 

1 I'mtwion laii 1 he inaxiiiiuin n tight thal tan In k galls Limiud lli/hi 
(kg/hr) I his ina) lx txpiessed is tin latc loi a spLiifii indusii) in piodintion 
leims c. g Ih/hi/ton (kg/hi/kkg) id pulp 

2 ydaximum lomtntintwn of paitiiulalt mattei in llu gas slTtaiii nleased 
eg. g/m^ giains/eiihu foot ui Ifj/lOOO lb gas 

i Maximum opacity ol tht gas stieam emitted. usiiall\ measured by ohstisa 
tinn and compaiison to empiiiial standards (Ringkmann niimlxis) 

4 C (trrectpd imisnoti tale is tied to an air quality slandaid by a Inrrmila based 
on atmosphcnc elispeTsinn eoiisiderations 

Often, several particular emission regulauoiis arc cnfuiced simultaneously II 
all lour types of lestnitions aie employed, a plant might pass on emission late 
and (oncentration hut fail on opacity Ihis is an undcislandable situation sinec 
large particles an the majoi tnnrribulors Kj weighi while snialki par ricks in 
the 0 1-2 0 micron lange, aie the major eoritribulors to opacity 

Ihe addition of chemical additives to the scrubber water lo capture particles 
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111 ihc 0 1-2 0 micion ran^L' is often an einnomiial wav to meel air quality 
standards, paiticulailv ivhen (oinpated to the losI of modifiLations and addiiion& 
to equipment 

I lie wet siiLibhns disiussed in this chapiei use ^atei lo Teinovc pjtluulales, 
gases, or lioth fiom iniliisriial gas siieams oi slacks Water ihrmisiis is often 
exliemelv Lomplicated in these siiulihei systems Ijci.iust of the \aiiei> of upeia- 
tions oil 111 Ting sinuillaneonsl^ in the sciubhei envii oniiicnt 

1 Mint hatts/n 1 he gas and water are often at dillcicnl leinpeialuies, so 
Inal will lie tiansfened in ifie snubbing pint ess 

If 1 1 apofntimfhnrifif nsnittni I he gas niav he hot anil salinated with water 
vapor Coiitail with coldei waiei will dehnniirhiv the gas, anri the siTuhlnng 
watr I will he diliiled with Londensate 11 the slack gas is hot and di\, the scrublx:! 
wali‘i will evapotale, as in a niiilmg tower, and l)rioiiie loiii enti aieil 

S Mfiw ftniisfft I he gas iiiav fontain walei solnhle solids oi gases that will 
dissolvL 111 the sniihhei walei Mu water niav liaiistii gases to the gas slteain 
.ilso lor exfiinple, the walei niav be leiviled o\ei a looling lowei, betoming 
satinaled with (>2 ainl Nj, lati i releasing ihesf to Iht gas stiiMni 

1 Stating Vs the si i nbhei walei is healtrl oi iin teases in jill, alkaliriilv, oi 
sLilfaii-siillile (oiitint, pii iipilalioii ol (.a( ()«. ( aS()|, or C aSO, niav on in .ind 
the sLMihhei niav bei onie scaled 

"} ( iinu\ion Mils is a coininoii and tiouhksonie pioblein encounieied in 
iiinsi wit S 1 1 iihliLi s 

li I tinlitiii Mils ni.iv cif<in lioiii iht lo.igiilalmii of the pailuLilale being 
iciiicjvLil OI Iroiii 111111 ohial aiiivitv Manv mdiisinal gas slieanis i ontaiii oiganus 
that siipplv looil to iiikioIhs 

PRINCIPLES OF OPERATION 

Scinhhei miiindac tin ii s oUei a bewilder mg anav ol pioduits Sciuhbeis ate 
available in a wide lange of designs, si/es, and perfoiniance lapahilities Some 
ai( designed priiiianfv fin lofleclioii of pailicfes and otheis foi mass tiansfei 
(gas iimovaf liv a cliemiial itailioii) Vs good liquid-gas lontaLt is needed foi 
fioth opeiaiioiis, all siiublit is can loffeii both par titles and gases to some extent 
I lie degiee to wfmh the paitule colleLlioii and mass tiansler c haiai teiistics of a 
stinbbei i an be iiiili/ed detennmes the applitabililv ol the snubber loi earh 
specific pillificalion piolilein ^lgu 1 e M 2 shows ifie tommonlv aiiepted domain 
Ilf wet sciiififieis, liased on paitule si/c, lelative to oiliei loinpetitive devices 



Figure 41.2 Cicneial si heme of appluaiion nl wet siiiiblM*is lunipdied tn 
Liiiiipelilne devites 
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Particle diameter, microns 

Hgura 41.3 rL'ilDtin.iiiLC ran^L ul shuIiIhii^ ilixuis 

Figuii 11'^ slums ilic lelaiive |iailiiiiLiU' uninval i4luiriic\ til lIil iiiiiir 
LCimmiiii l\fu's 

Paitiilr Si/v IS one iii the most iinpr>it.ml fat lots riflritiiig itnioval rlliiieiuv. 
largci paititles being mtiih tiioie easih itinnveil Suhniuioii |i.iilitles 
(I iiiition -=- lO"** meleis) .iie the most tlifhcult in lemove 

All wet pat tide siiiibbeis opiiatL on the sanu basil an i)(l\iiaiiiii piuiuplt A 
simple analogy If uatei clinplels of basketball si/e weit piojeilerl to lolliile 
wilh gas-siieam paitules the si/t of HB s iht sialistiial ihaiuis of lollisioii ate 
small As tin si/e of the dinplLts is lecliitetJ to innii iitaily the si/i of the pai 
lilies, the L halites of lollisinn impiose Suithes ha\e shouii that a sin fat i film 
suiiounrlmg a ualei dioplct has an a[ipioximate thiikness ol l/!iO() ol ils thain- 
eler A BB (the paitiile in Bight; hasing a thaiiiLtei less than 1/200 the ilianieiei 
1)1 the basketball )\ill flow thioiigh the siieainhiie film atouiirl the basketball 
without lollisioii (Figine 11 4) But if the tlioplei weie a baselxill insleail ol a 
basketball, lollisioii would otitii A 0 5 miiion fume paitidr iei|iiires watei 
droplets siiiallei ihaii 100 mirrons (200 x 0 5) foi adetpiate inlleitioii tfhcieni 
scrubbing, iheieloie icquiies aionii/ing the liquid to a fineness lelateil to pai- 
title si/e to allot d maxim uni lontatt with the partides to Ih‘ laptiiied 


Dusf 

O- 



Dust 

O- 



Rgiiro 41.4 I he efleit ol reU- 
live (linplet si/e in dust si/l hi the 
pirii»s ijf partiiulatc rapture 


(b) 


The probability of a droplet hiiring the dust particles is proportional to the 
dust ronreiiiraiion; a ball would be less likely to hit a single BB than a swarm of 
them, 'lb equalize these fartors, scrubbers are regulated as to the volume of gas 
to lie sc riibl^d (measured by pressure drop of the gas stream), and water to be 
sprayed (measured by hydraulic pressure at the spray nozzles). 

'The scrubbing chaml)er's height and diametei are also tailored to the known 
characteristics of ihe gas. 

CATEGORIZING WET SCRUBBERS 

Wei scrubbers diQer priniipally in iheii methods ol eilectiiig loniacl lieiween 
ihe ret'irculating liquid and ihe gas stream. Techniques employed include in¬ 
jecting the liquid into inlleLtioii ihambc^rs as a spray, flowing the liquid into 
ihamhers over weirs, bubbling gas ihroiigh trays or beds containing the liquid, 
and atomization of the liquid by injerliiin iiilt) a rapidly iiuniiig ga.s stream. 

One way of lategori/ing wet siruhbeis is by their energy requirements. Some 
lequire high energy to |KM'ioriii their task while others require very liltle. Geii- 
eiall) s]ieaking, low energy scruhlieis aie used toi removal ol large ])articiilate 
matter and gaseous loiitainiiianls. 'I'liey lely on high liquid to gas latios and 
loiiiatt lime in the scriihhei to increase removal efhciemy. High energy 
siiuIjIhm'.s are used lor the removal of very small parlii iilates (1 niiiron anrl less). 

They depend on liigh gas selfnity lor atomization to form small liquid 
diopleis, with iiiaxmumi impait lK*tween watei dioplels .uid parliiidale inaltci. 

A seioiiil wav of lalegori/ing wet strubhcis is based on iheii selectivity toward 
eiihei gaseous i oiilaminants or particulate matter. Scrubbers designed primarily 
lor removal of gas are called mass liaiistei .snubbers or gas absorhcM's; those 
de.sigiiecl lot removal ol particulate aie called wet particle sLrubl>ers. 

GAS ABSORPTION SCRUBBERS 

(■as ah.sorlx'rs, the first category, are designed to maximize lonlaci lime and 
surface area between the sc nibbing liquid and the gas. 'I'his provides rnaximuiii 
iipportunily lot liquid/gas chemical reactions to octiii. Absorption scrubbers 
usually have low energy requirements. T'he types most Lommouly used are the 
packed heel, moving hNed, impingement, and plate type sinihliers. Although wet 
particle scrubbers will also provide mass transfer removal ol some gases, these 
ftiiii types ol absorption scrubbers will do the job more completely and with 
greater efficiency. 

Mass transfer (gas absorption) reactions require long residence times because 
the conlaniiiiants must first Ih* ahsorlied by the scruhhing liquor and then react 
ihemically to form a priMlucI that remains in the liquid phase. 

PACKED TOWER 

The parked lower (paiked bed) consists of a verliral ves.sel containing packing 
materials such as rings, .saddles, or tcllerelles (Figure 4Water is sprayed 
across the lop of the Ijeil and irit kies through the packing material, (jas enters 
near the botlnin and coniainiiiaiils are removed as the gas stream moves upward 
through tile walerwashed pai king. 

The deaned gas stream passe.s through a mist eliminatoi near the top where 
entrained iiioistuiT is removed prior to discharge. Scnibbing liquor is collected 
at the iMitlom. A portion is usually recycled to the- inlet, and the balance dis¬ 
charged to the sewf'r. 

Although flows can also be cociirrcnt or crusscurrenti, the countercurrent type 
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Gas out 




Berl saddle 



Tellerelle 


IS the mosi wiiicK usLil PcJcKliJ litrls luivc Idiii’ hmi iisi il Idi alisiir piioii 
0 |Krations hriduso \ht\ are able to itdiiiL nrloi anil piilluiaiil j^asis li» low 
residual c nniciitialioiis I In llInl^IlI^ lailoi is iionoiiiii s VsIhIIii sLpaialion is 
railed for, beds leqniit jiru atei paikiiig ik |)ili and opciaU wiib hifilni piissutL 
drops Coasts enteiiiip a paikcd bed should mil bi litaMl\ laden wiih solid 
paititles as Ihest laiisc' (lo^^iii^ ol iht paikinj;; nMUiial Pitssiiii diop is hpi 
calls 0 1 intlus of Il 2 () pei fool ol |iai king (4 iin II ()/iii) 

lypical appliiations iniludi rcndeiing plains, loud piotessiiig plains sewage 
ireatmein plants, and rnttal piikling plants 

MOVING BED SCRUBBERS 

The moving bed wel sciuhbeTS are well suited lor high heal tiansler and mass 
iransfei rales (Figure 41 h) They are able to handle vistous hc|iiids and heavy 
sluriies without plugging Ihey atcomplish this b\ using lighlweighi spheie 
packing that is tree to move hctwceii uppci and lowti leLiiniiig giids (aiuntei- 
turrenl gas and liquid Hows tause the spheies In move in a landom, tiiibuleni 
motion, causing mtiinate mixing of the liquid and gas 

In addition to excellent gas/liquid tontad, the tuibulente pi o\ides conliiiuous 
(leaning ol the mosiiig spheres to mimmire plugging ni (.haiineling oi the bed 
Moving bed scrubbers ate useful to absorb gas and remove particulates simul¬ 
taneously This lype of scrubbei is esfiecially suited (oi use with gases containing 
VISCOUS Ol gummy subslanres, which would lesuli m plugging ol conventional 
packed bed scrubbei s 

Lfhciency is good for collecUon ol particles laiger than one micion Both 
particle cnllection and gas absoiption eflicieiiLy may be iiicieased by employing 
scveial suges in senes Pressure dtop is typically 0 2-0 5" H^O per stage 

TURBULENT CONTACT ABSORBER (TCA) 

The turbulent contact absorber (Figure 41 7) was developed as an extension of 
the moving bed scrubber, the difference being the increased tuibulence of the 
TCA unit, resulting from using fewer spheres per unit volume The TCA en- 
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hanrc.s ihe beneficial characlerisLits nf ihe moving bed siniblicr and permits 
high lii|ui(l anil gas flows. 

Plate Scnibbere 

A plate srrublier consists ol a tower having plates (trays) mounted inside (Fig¬ 
ure 41.8). Liquid introduied at the lop flows sutcessivcly across each plate as it 
moves downward. Gas passing upward through the openings in each plate mixes 
with the liquid riowing uvei it. 'VUv gas/liqiiid lontdit causes gas absorption or 
particle removal. A plate sirubbei is named for the type of plates it contains: il 
the plates are sieves, it is called a sieve plate tower. 

ImpingemanI Scnibbsra 

In some designs, impingemenl bailies are placed a short distanc'e above each 
perforation on a sieve plate to tnrni an iinpingemenl plate to increase lurbuleiice 
anil enhance gas/pariiile/liquid interaction (Figure 41.9). 4‘lic impingement 
baffles are below the lic|ui(l level. Piessure drop is about 1-2" ILO for each plate. 

WET PARTICLE SCRUBBERS 

The loin basic lactnrs determining the effiiieniy ol wet particle scrubbers are: 

1. Walei siirJace area 

2. l.iqiiiil to gas ratio 

.‘L Partiile si/e and scruhhei energs’ 

4. Pariiiiilalc* aflinii^ foi water (wettability) 


Clean gas 
outlet 


Dirty gos 
inlet 



Woter to 
sprays 


Demisters 


Layer of froth 
moves above 


Marble spheres 
provide intimate 
gos-liquid contact, 
continually shifting 
to prevent fouling 


Hgure 41.6 Moving hcd sci iihlM-t. using a liglitweight packing of spheres which 
continually shill, preveniing plugging with deposits. {Courtesy of Emnronerring, tnc.) 
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Figure 41.7 I iiihulenl cniiuiil ab*»orfjei, unotlit*! tvpi‘ of 
mciviri^-hi‘rl Hiuhtxrr. ((^ouitrsy uj .4u i'.unedum 
VOP /m J 


Anvihiii^ iiiL'Lhaiiiial or Lhcmual ihal causes the water spray iiri//les lii iiiriii 
smaJler waiei droplets with a larger suiiaie area iiii teases the rollisioii rale Ik'- 
tween the jiarticiilaie in the gas phase and the waiei, resulting in ini ieased par¬ 
ticulate removal. 

'I'he seiniifi was to iiiirease the collision rale is to pump more water through 
the scTubbet. Increasing the liquiil/gas ratio is an iiieiririenl means of increasing 
the surface area fjf water. Lisually, it is more economical to iiicrea.se the cllcciive 
liqiiicl/gas ratio by lausing .smaller clroplels to lorrn mechanically or ihemically. 

I'hc loice w'ith which particulate matter strikes the water is a third factor in 
scrubber performance. Since a liquid film barrier .separates particulate in the gas 
phase from the water, a particle must have enough energy to force its way into 
the water droplet to lie captured. Sniallei particles require more energy than 
larger one.s because they have a lower ma.s.s and strike the barrier with less 
momentum than larger partitles inuving at the .same velcxity. So. higher energy 
is required for scrubbing small particles than for large particles. 

A higher energy must also be cxpeiideil to scrub a particle that is hydrophobic 
(repelled by water) than a similar .si/e particle that is allracted to water—and 
most particulates in the gas stream are hydrophobic. Increasing the mechanical 
energy of a wet scrubber inrrca.ses its ability to remove smaller, and more hy¬ 
drophobic particulates. 

Another means for increasing the removal of these particles is by chemical 
reduction of surface tension, increasing the wetting power of the water. 
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Either a high energy i>r low energy srrubbei nia) lie used For reniiival cif par¬ 
ticulates iruni gas streams, the choice depending on the swv of the panicles. Ixiw 
energy scrubbers, siirh as the spray lower and wet cyclone, may be used For 
particles over 5 microns. For particles smaller than 5 microns, a high energy 
scrubber such as a venturi or a venturi rjecloi piovides more complete re¬ 
moval. Many wet stiiibhing systems, such as those cleaning steel mill blast 1 uni¬ 
at e gas, employ a low energy sciuhbcr followed by a high energy si rubber. The 
function ol the low energy si rubber is to ciMil the gas (reduce volume) and re¬ 
move large particles, thereby reducing the load on the high energy venturi 
St rubber. This also reduies the si/e and power oF the induLcd draft Ian, lic- 
laiise the ciMiling eHect lediues gas volume. 

Spray Towara 

rhe spiay tiiwei lolleils partitles or gases on liquid ilioplets produced by 
sjiray no//le aloiiii/alion. The LhaiaLtecisliis ol the driqilels are determined 
by the design ol the iio//le. The sptays arc directed into a chamiH-r shapeil to 
londiHt the gas to the aiiimi/ed dtoplets. Spray towers can be used lor both 
mass translei and parlule lolleifion. ‘I'lieir low pressure drop, 1-2" 1120 , and 
high water rate make them the least expensive of the mass translei sciubbers. 
Spray chambers are most applicable For removal of large particles, gas i otiling, 
huinidifii alioii oi ilehiimidilu alion, and the removal of gases with high liquid 
solubilities. 

W«t Cyclonsa 

Wet cyiliine scrubbers (Figure 41.10) are eHeclive for removing dusts and liquid 
aerosols. A hnely alomi/ed waiei spray tontacts the gas stream, which enters 
tangentially at the bottom to pursue a .spiral path iipwaids. The atomized drop¬ 
lets aie taught in the spinning gas stream, and swept bv tentnlugal force across 
to the walls ol the lylinder, lollidnig with, absorbing, and toilet ling the 
dust Ol hijiie partitles enioule. 4'he scrubbing liquid and paiiicle.s iliain down 

-u- 


FIgura 41 .B ’V he plate si riihliei 
provides iiiiiiiiaie gas/liqiiid ton- 
tai'i. 'I'lie fliit plates aie kept 
relatively tree of deposits in mosi 
applkation.s by iiiibuleiire. 
(Ctmri^sy o/ Kttch Engineenng Com- 
pany^ Im.) 
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FIgura 41.0 \n iinpin^t nuni sciuhlxi uses h itt rl 

philL If] |)tiimiJli lic]iiirl iiiiii^Kl iMtli iiii|iiii|;Lnii III liaffli s 
mri ihf- |M.i liiialinns in aliiiiii/c rhe «vaUt (( ourttsy of 
H W Sly XlfiHufrittunnf' f om/iafiy ) 



Flgura 41.10 I Hl wfi cmIotil 
sfiuhbct ((ourtfsy of (nUoie 
( omfmny, a unit of (mtntrnl Signal) 


Dram lo waste 
treatment 
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Figure 41.11 \ vintuii siriiljUi uith xaiidhli rliiiMl tn 

.luoiimiiiil.ili [h.iiigLs in flow r(fwirr((> of fM( ( otpo 


llii ujII lo ilii hrjilnin, (iiirl f k.m g.iN J(.aM‘s llitoLi^li lilt li)p I lit lii^htr pTtssiiie 
til up, (i H" (li J-|,C), iiiiiiMMs iDsIs inti ihust lui a spia\ limti 

Venturi Scrubbers 

Vliiiiiii siiiihtnis (1 i^urt 1111) aiL licst siiiIliI foi itini)\al iii 0 ()'^5 niiiiim 
pairiiuldits sill h as thuse ci tan il In i iiiidtiisaliDii ul a liquiil oi niLlallu \apni 
(>i h\ a ihtmual itailinii fiiiniin^ a iiiisl oi Iuiiil hpual txaniphs ait aiii- 
mmiium ihiniidt iiinits Iriini sled i^ahani/infr, phiisplioiiis ptnroxide fumes 
ftom phnsphfiiu and iiJiiitnliatinn. mists liom di\ ut plants, and ^im oxide 
fumes Irom itstihciaiois liiinaits 

I litse aeiosnls air lemovtd Ij\ jiassing ihc gas and viali r slitains LOLUirenllv 
Ihinugh ilic exliemeU small ihioal seition of a \entiiri As llie velotm is ai- 
itleiaLed in the Lhinai, iht liquid Incaks up inio exliLrntU fint dinps High gas 
veliMilics. ranging liom 200-400 It/sei, make llit itlalne \doLin between gas 
and lii|ui(l high enough to eause good liquid aioini/auoii and pariiile Lolltitiun 
f he liquid drops lolhdt with and leniosc the paiticlcs m the gas stieam and 
the diops ihcn agglomerate loi sepatation fiom the gas 1 he ileaned gas stream 
then passes thiough a sepaialoi in eliminate tnliained liquid 

Vtiiliiii siiubbeis icqiiiic high piessiiit dinps (5-100” II 2 O) Piessuie diop 
must be increased as the pailiilt si/t bctonits sinallei lo assuie adequate ic- 
moval 
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Veniuri suuhbers laii also be usclI ioi lemoviiig snliible gases Howcvei, suth 
appliLaiioiis aic limiierl in situations wheip small paitiiulates aip also picsciit, 
beiause the high eiieigs leqiiiieniciils loi opriatiiig venliin siiubln^rs make 
them ciisih lot liiiiIi oiling gaseous polluiaius 
Several niodilualions nl ihe basu veniiiii sLiiiblK'i aie available In meel 
speiihi lequiiemeius of the si/e and tvpe ol itaiUile in In- lemoved 1 im, 
medium, iii high eneigv veiiluii siiubliers aic dvailabk. with eneigv requiie- 
ments ditecLl> related to the piessure drop needed lor removal of suliirmron 
par tiiulates 

Many veniuii snubbers hast a variable ihioal to allou for change m load 
Also, at a fixed load, as the thioal is deircaseil in si/t vtloiilv iiiiitMses, resiill 
mg in increased preNsuie drop and betler tffiiiLniv in lemining siilimiiion 
par tides 

Venturi scrubbeis ust sevcial riuihods to aliiini/e ihe si nibbing v\aiei In iht 
most common, liquid is spraved lliiougli jets amiss ihi seiituii throat (I'lguie 
4111 ) 1 his provides eHcctne removal of siibmiuon dust, liimc and mist pai 
tides, and is the hrsi c Iron l for ilu inajtiiii> of a]ipliiations In anoiliLi Loiiimon 
veniiin, ihe Hooded wall l\]je the siiiihbiiig liquid is inliorluied langi niiallv at 
the top, as shown in Figuie 41 12 ll spnals ilimn tin lonxeiging walls lo tin 
throat in a conliniious film At the eiilrance ol ihi llnoat, it foiiiis a iin lain of 
liquid m the gas stieain I he impaflioii of the gas iiiio this cm tarn aiomi/es tin 
liquid hurthet impaction and agglomeration oiiui m tin disuging sec lion 
this tvpe ol \eriiijii siiuIiIk'i is leroirimended lot haid-io-liandli silualioiis 
lemoval ol Mnk> solids fiom gases uevding ol diiiv watci win it watei 
supplies are limited, and leiovtn ol pioiess materials in loiutntialed loim 
Another common ivpt is ilie Hooded disc snubbti, in whuh liquid is intro 
dined to a disi shghtiv upsiieam of the venturi throat I his liquid Hows to tin 
edge ol the disc and is aiomi/cd bv tin high veliKits gas siieani 

Figure 41 IS shows an c|ecloi ventiiii whiili lists high pic^ssnrt sprav no//les 



FiBUrv 41.12 In chib veniun scrubber design, the 
waiter is atoim/ed and it flows down a spiral path 
toward the ventun throat 


Wvl Qai 


Water 

inlet 
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Figure 41.13 WaitM irraii-s ilit* 
nitrrgv iiii this \entiJii 

sti Lililiei 



to mlltM r puriii iilulcs, alisuih anil iinivr ilir ^as. It iic*iives its rnrr|:^ Iriirn 

thf hi^li prrvMiir lic|iiitl, whilr iht- rrj^ulat \t-iitiiri rlrii\rs most nl ils rnrrgy 
liiiiii Ihf lll^h gas \t‘lnLil\ ptoiliiLPci by ihe iiidiiieil clrall iaii. An indurrd draft 
laii iiici> ni inav pnl In' rcM|uiird ilepriiding nii llir cjniui vriiniri being used. 

riiL'ie IS a liigli MdoL'iis dillerenie betwirn the liquid droplets anil the gas; 
this aliens parliile srparaiiiiii. flolledioii efliiieniv is geiierallv high lor solid 
panicles larger than one mu ion. Mass iiuiisfei is aHecled b\ the ccKiirreiil How 
ol ihe gas-hquid. t.iieigv cnnsuiiiptioii is relativch high because of pumping 
i osis. 

Kjec loi sc'Jiluris nia\ be used alone nr as the iirsi stage oi a more ciiinplex sys- 
leiii. I'lie piiiiiipal lolleLlion meiliainsTii in this ivfie of srrublier is inertial im- 
pailion, wliiih is efleiled by licpiid drfip.s. Particle adherence upon striking the 
dioplels is dependent upon the wettability ol the particles. Because smibbing 
liipiid IS ustialh recirculated, no//les must be lapable ot handling a high solids 
Lonceiilration. 

WET ELECTROSTATIC PRECIPITATORS 

Walei can also he used with elei^troslatic pi eiipitaUcni to improve removal of 
particulates. In this t>pe of .system, walei is continually reciriiilaled over the 
plates and discharged to an ash sluiie pond or thickener to 1>e ilarified for reuse. 

WATERSIDE PROBLEMS 

Operating condiiicins in the scrulihei may produce a severely corrosive or 
scaling water, depending on the gas stream being scrubbed and on the nature 
ol any chemicals lx*ing added to the water. Maiiv systems use liine/limestone 
slurries to react with SO 2 , forming in.soJuble i oiiijicumcls to be removed in a 
thickenei. 'The problems encouiirerc'd in wet scrubber operation parallel those 
found ill an open recirculating rcMiling water .system, but the scrubber water is 
often more saline. 

C^hemical ireatinenr programs for wet scrubber .sy.steins are designed to: 

1. Maintain clean nozzles and cullectiiin surfaces, preventing deposit or 
Scale buildup, thus helping to maintain unit efHciency. 



2 Improve pdrtiiulate Laplure ni, fni gas lemnval, mass iransler 

3 Coniiol tnnusinn in ihe siiubbei and leiiriulatifig waiei system 
Watei problems in siriibbeis lange from si ale and deposits to tonosion and 

waste disposal Depending on the moisiiiie level oi dewpoint of the gas siieam, 
gas cooling can lesull in esaporation oi Londensation, leading to looLentiation 
or dilution ol sciubl)er watei 

II the gas stieam is abcnc the dewpoint, iei>iling watei loi wet snubbing le- 
sults in esaporatinn and conientiation ol the snubber watei, adding lo loiiosion 
and stale problems inheieni with the gases oi paitiiulates lemineii hoin the gas 
stieam Howcvei, m some systems the gas (oniaiiis substantial watei vapot, so 
condensation with lesultant dilution oi the leiytle watei ma\ oiiur This lenils 
to lessen the potential fin stale, deposits, and eoriosion Dilulion is less lonimnii 
than toiucntialion 

Faeh snubbing s\siein iniisi beconsideied mdiMiiudllv due Id the wale vaiietv 
of construction mateiials asailable, iiuliiding mild anil siainless sliels, loppei 
and niikel allo\s, hherglass, PV(^, leramics, lead, and lefranoiies. to iiaiiie a 
lew Mans matiufaitui ci s consitun siiubbeis id alios ed nit Lais and noiiiiieiallu 
mateiials lo dsoid conusion piribleins. hul still eiifountei ihe piohltiiis of suit 
and deposiiion Ihe same lefhmques and priiinples used lin lonosinii and 
deposit lonirol m cooling sssleins appis to snubbiis 

Sciubbei svsiLiiis that upeiatt unilei low pll toiiililions usualls liavi ileposils 
that die pnmaiils pailuulates remosed liiiin the gas those sssleins that op- 
eiale at a pH greaiei than 7 (1 will not math sield stale deposits pioducerl honi 
water teaLtions, in scale and sus|>ended solids lombiiieil 

Howeser, even high jiH systems of ihis ts])e will soinelimes vielrl deposits that 
are primaiily paitiiulates leininerl fioin the gas Ir is iliLhiuli to gineiali/t le 
gai cling Loiiipnsilioii oi deposits hecaiise of the wide variabilils i>l stiuhbei de¬ 
signs, piDcess gases, and walei chaiaaeiisiics Ihe inosi coinmoiiK eiuoiuileied 
deposits ate calcium carbonaLe, (aliiuin sulfate, lime [lafOIDi], non oxide, 
caihon blade (snot), nils and gieases, aluiniiiosiliiales (days), and meuil siillicles 
Deposits, like (onosion, can plague viituallv evc‘iv seilion cil ihi sinibhci s\s- 
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•SH-i 

1 

1 

Loss al 

14 
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icm—Irom Lhe iiilel pnrts lu ihtf iiiiJurrrl dralL Ian and stack. Deposits usually 
lurm at the venturi thrcjat, trays and parking in gas absnrhcrs, liquid reryde 
lines and piuiips, mist eliminaturs, induced draft Ians, and ciariher supply lines. 

The deposit analyses shown in Table 41.1 illustrate the primary components 
of deposits removed from diflerent types of scrubbers to illustrate the wide 
diversity truni one industry to another. 'These analy.ses show that deposit rom- 
positions vary widely, with calcium occurring most Irequently. 

UhemiLdl treatinenl lor scale and deposit Lontrol is efieitive in triiitrolling the 
majority ol deposits, but it must he individualized for each scrubbing system 
due t4) variation in deposition ptobleni.s. 


WASTE TREATMENT 

Sinie the basil fuiiition ol the wet scrubber is to remove contaminants Irom 
process and cninhustion gases, once the scrubbet liquid has dune its job, the 
disposal ol 1 ontaminants iranslerierl to the water must l>e loiisidered. For the 
small plant, this iiiav entail iiieielv discharging a bleed-oH of recycle watei to 
ihe saniiaix sewer. The laiger plant iiia> be requited lo install an in-planr clari* 
fuaiiiin s>sleni. There are two basic types; the hrst is the liill-llow, inline ciariher 
which ilarifies all scrubhci watei alter it has made one pass through the 
SI rubber. 

Watei IS iec>ilefl Irom the' claiilier to the sciuhbei hit further reuse. Prob¬ 
lems are usually les.s severe with this type ol unit berausc suspended solids are 
Lisiiallv maintained at a laiilv low level. This Ivpe nl system is in many respects 
comparable In a once-tlnoiigh system. The second basic type ol ilarifiei is that 
used for clarification of a blowdown sidestream from the rec>cle system prior to 
disihaige. Problems arc noimally more seveie with this type ot system. 

Sc tubbing lic|uid that contains high ROD, heavy nietiils, or toxk matter may 
leqiiire additional treatment, .such as liiologiial oxidation, prior to discharge. 


AUXILIARY EQUIPMENT 

Although the wet scrubbet is the heart ol the gas cleaning sysieiti, auxiliary 
equipment is lequired to help the sciuhiK'r work efficiently. Auxiliary equipment 
may he categorized as follows: 

1. Dust tatrhers remove gTo.ss solids to prevent overloading the scrubber. 

2. dm quejichers cool high temperature (over 10()()”F) gas and reduce 
evaporation in the scrubber. 

3. Enhainment Aepfirators (demisters) reduce water droplets in the exit gas. 

4. Gas cooling Itmters redute plume discharge. 

5. Water ntoling towers, rooling ponds, or spray ponds facilitate optimum water 
recycle and minimize makeup. 

6. Induced drajt Jan moves gas from the srrubbc*r to the discharge vent or 

suck. 

7. Forced drajt Jans move gas to the scrubber and through to the vent or 
.sUck. 

8. reheat system reduces plume discharge by raising the dewpoint of 
the gas. 

9. Clarifiers, thickeners, and settling ponds faciliute recycle and recover solids 
for disposal nr reuse. 

10. Sludge dewatering dnnees to lun.solidate recovered solids. 
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SELECTED GAS SCRUBBING SYSTEMS 


Thi& veition presciils examples nl ^ds snubbing sysierns used in the elcttriL 
utility, steel and paper industiies iniluding the hasii types of setubbers and 
auxiliary systems used in these applications and iht natuie of the waterside 
problems 

REMOVAL OF PARTICULATE (FLY ASH) 

AND SO FROM FLUE GAS 

Although sLVLial difleitni sciubbiiig svsiems ait avulablt ioi this applic iiion 
111 tilt utility iruliistTV iht picitcss using liintsloiu has been sehiltd lo illuslialt 
many nt the aspects iif wet s(nibbing picviouslv distussitl 

Figuit 41 14 shows the liitusioiit sciubhmg piiKiss loi iniunal of SO fiom 
boiler hue gas 1 wo Mntuii/ibsorbti sciubhcr modiiks the hcaii ol iht s>sleiii 
art ust d to treat the tiUiii How of Hue gas 1 his ssstcin is ihsigind to In iihltii 
ill an existing toiixinlional slack gas ileaning sssitni 

Liniestont sioucl in silos disihaigts thiough a giaMiiuliii let chi i wet ball 
mill and ilassifieation sssicin 1 iniesionc slum at solids lta\is the inilliiig 

system and is sioied lot tiansfei to the siiubbet iiiodulcs is netikcl 

Fach snubber unil consists ol (1) i \aiiable tin oat vciitiiii that iiinovis fly 
ash and provides an initial stigc ol SO leiiiov il followed b> (^) i toiiiiiei 
curic nt tiav absoi bci Spi lys in llu vcniiiti and tin ibsoibii rliain into sc p ii alt 
leaclinri tanks wlicic chemical icactions ait illowcd to go to lompitlion iRtoic 
the skiiiv IS returned to the situbbiT 

Spent sluny tioin iht sciubbci pimnpalK i dciiim sulfiti (( iSOj) is puinpid 
to a thickener ( laiifiid walti lioiii this unil is disc hat ged to i pontl mil rt 
tinned to the leaition lanks Ihickcnei unckiflow is pumped lo i sludge lit it 
meiit plant whcit fly ash ind other di\ addimts jic bkiided to modif\ the gel 
like sludge to pioduei a stable landfill 

( Iraned Hue gases leaving each absoibci pass thiough a bare tube stiaiii loil 
rthealet and then to a ImmisIct fan Both bcMisiii Ians disc huge iiilo 11) fan in 
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Ills \n clc I |)iLI ipilalui ahcail nl thi siniblMis seivis ti> remove the 

hulk 111 Ih ash iiiitialK In lasi nf siiiihhei svsttm inalfiinLlinn, a li>pass nl the 
|ii Lti|iilaini flisrhai[r( i^iies cIiuliIv tn the slack 

Vla|(ii iniitiiil liini linns. iiuliiriiii[r limestone feed tale, veiitiiii spray liqum 
i.ilL, senuiii clidi'itiiiial pitssiiu. sluii\ suliriscniicc iiltalinn. and inilling s\slcm 
npLiiilinn aie hanilleil aulnin.iUialh ln>iii I he hniki (niilinl mom 

Prmiai\ wau iside pinhknis aie siale and depiisils in llie vcnlun siriibbeis, 
^.is .ibsniheis and sLiitiiii and ahsnibei ictiK iilaiinii lines and pumps 

STEEL MILL FLUE GAS SCRUBBERS 

Uel sdubbetsaii LniiiinnnU cin|dnvLd b\ tlu srecl iiidiisti\ lin snubbing gases 
pinduteil In the hlasi luinait and basic owgiii lurnate (lU)h) A diagram and 
rlesitiplinn nf caLli will he pieseiiled to show how tlu hasii suubbLi anil au\il- 
iai\ ti|uipiTunt mas ht ininhineil in meet (ITlueiii gas i ei|uiicmeiils 

Blast liirnaie gas iniilams ( () and is iistd ini lonihusiion in Ixiileis Ihis re- 
qiiiies ihe eJHui nl gas to he ilean and Lonled in leiluit gas \olumes and mnistuie 
umlerit prim in cnml)iislinn Piini lonling and leduLLinn in gas volume results 
111 substanlial savings in delivers (osts thinugh the extensive distiihiitinn s\s- 
tein thinnghnut iht mill Sum iht piiniaiv oh|eiii\e nl Llianing blast lutiiaie 
gas IS In pindine dust liee, (nnleii gas in be used as fuel ini the bnileis, the 
SLiiibhing svsiem is designid as shown m Figure 41 Ki 

Fiteilive icmnval id a iiiixliiie nl inaisi and hue dusl trnni a veiv dusiy gas 
neiessitales die use nf a diisi lauliei and a niidii-veiiiuii snubbing svsiciii 
Flleilive innling lequiies ihc usl nl a gas iiHiliiig lower piim to elflurni gas 
discharge lo the hnilei 

1 he dusl tall her is meiely a seitling ihambci in lemnve large panicles and 
reduLc liiadiiig on die venluii siiuhlieis Ihe gas passes thinugh both a 
piimarv venluii (with separatm) and a seLondaiy venliin (oi even mote eHec 
tive parliiulate icmuval I hen the gas passes thinugh the eiitiainmeril sep- 
aralni/gas iiKiling Inwei iniiibinalinn Ihe ileaned, iiHiled gas is thcMi sent tn 
hiinaies Adequate ciMiling is lequired lo ledtiie the moisture level nf the gas 
to avoid pinblems in distnhutinn lines and fiinaies, espcLially in wmtei 

Ihe retyile watei rolleited limn the hist venturi, lontaiiimg a high level of 
paiiiLulaies. is sent direcilv tn a rlaiihei-thiLkenei Ihc lecyile walei Lollected 
from the separaloi is recirculaled tn the fiisi venluii siiublwi Makeup water 
IS added at the claiihei, and the combined oveiflnw is lecytled tn the setondary 
venturi So the rleariest waler lontacls the cleanest gas, and works its way baik 
to the first venturi and then to the danfici Waiei can be icLyded from the 
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thickriiri Ui ihc SLiubbei i)i nid\ be usril foi some iiLlici pin pose siiib js slap; 
quenching. 

A LUTiALMinnnal i(H)linp; iiiwn is noiniallv used ioi lemnsal nf heal iiniii the 
gas iDwei walei in siiiibbei ^^a^el 1 he design id ihe nmei makes il 

possible in keep die iiMilmg water and the NeiiUiii siuibbei water sepal ale 
Ihe sciubbei watei genetalh cimtaiiis Liiiisideiable hardness and alkalinitv 
finin the lime fines in the huiclen in the lilasi (iiinaie (amsequerillv. male is 
(lequeiith eninLintered Depnsils nl iinn nxirle and iiiihurneil caihnn aie alsn 
a I OIK ei II in main ss stems Deposiiinii pinblems at e most lief|iieiiil\ eiii niiiiiei ed 
in the piimais \eniiiii nn//les and thinal leginii, when tlie gas innlams the 
highest lesel of par tiiulaies, aiul in the lines .iinl pumps going to and h inn I lie 
thickenei tlowevei, deposition tan iKtiii m both \(‘nluii stiiibheis, tlu sepaia 
tots, the gas (noling tower, ni the s( riihbei teiiile lines and pumps 

('larifiiation is aiiollui iiiajni pioblem aie.i snue iiiadeiju.ite lif|iiids/snlids 
sepalation lesulls in poni watii qiialil\ (d the daiihei rneillow 

Ihe objectne nl HOI gas (liMiiing is to ])iniiiiie ellhieni atiepialili loi rlis 
(haige inin die eiiMionment. snue tin rleantd UOI gas iannul In leiisid \s a 
lesiilt. the gassiiiihhei svslem Ini a BOI shown in ligiiii 11 Ih is suiiKwhal 
dilleieiit lioni the svslem used toi blast liimaie g.is (leaning I lu hl.ist luiiiaii 
dust lauliei is lepLued In a (|iieiuhmg svslem iiiid tin piiiii.iiv .iiid seiiiiidaiv 
ventiiii leplated In a single viniiiii siiiihhei 

The imulion id the qiieiuhei is in siihsiaiifialJv iidiiii gas li iiipilaiuit s, In 
1000—1 lOf)* 1 (rhO 810"( ), and to lediic i gas v nliinies and i i'’sidtaii( liiii si/i and 
powei iei|Uiienieiirs \ seioiidaiv litiiirion is to leinovi dust aiul pai in iil.ites 
gieatei than 10 inn ions 1 Ins p.iilKidali isiolleiud in tlu siiid>lMi and sent to 
the solids lemuval svstein and ihiikenei Tlu liiiiiiidilied, tooled gas then p.isses 
ihioiigh the VC iitui i. Hooded elbow, sipaiatoi, and gas iooli i piioi to disi liaige 
up the slack 

Ihe IU)1 reivdi w.iler liom the tiarihei is pumpid to tin veiituii sriuhhei, 
(olleiied 111 die sepaiaioi, piinqied to the qiieiuhei, lollederl in the stiuhliei 
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ami Li.iiisli 11 L If) ilu ihukiiiLi s^siim I in ilaiilif alinn and uiise V i online; 
lowii is iliLii usid l4)i iLiiioviil 1)1 waste hial Iidiii llie ^as Lixdin^ tDwei waiL'i 

Siali IS iiui iiialh ilu |lIll 11 al^ |)iublt in in must KOI siiiihlKi sssttins (aliiuni 
and alkalinilv IlvlIs \aiv hut aie usuall> nnl as as in a blast fiiinare snub 
bm^ s^siein Sialnnr pnuiilial is st\eic in a KOI siiiibbei because pH iKcasion- 
ally gels as high as 11 0 liui nig hme additiini In tin loiiMitti dining a blow 1 he 
pll in ihe lliirkeiiLi is generallv mriri iniisislcnl than in rliL snubbing walei due 
In iquah/alinn in the ibiiktiiii 

Pinbkin Int atiuns in iIil siiiibbu s\slein an similai In tht blast hiinait intuil 

PULP/PAPER WET SCRUBBERS 

1 be rnosl i nmninii apphiatinns fni wtL sniibbeis in ihi pul]) and pa|Mi indusLiv 
aie fni cnal filed baik-hiid (hng fuel) and leimen Innlei Ihu gases, and hnu 
kiln leiDAciv npeiatinns I he i>pe iil wet siiubbti that finds iht gicatisr apph- 
lalion IS the \rntun with ivdnnu sepaialm fombinalinn oi t li ilmstatiL/wel 
cvilniie Lniiibinatinn Ihe leinsen boilci flui gas snubber uses a wet tvilnniL 
separatni in ininbinatinii with an eleitrnstatii pieiipilalni (Figuit 41 17), while 
the nthei pincesses use the seniiiii/iMhme tnmbmalinn 

Ihe ventuii/ivilnne oi tVLlniie stiubbeis arc \ei\ basic svsUins that sutler 
Iroiii the siandaid pinbleiiis assnciated with wet snubbing systems—deposition 
and scaling C^altium LailMiiiale scaling potential is mnsi s<\erc in the lime kiln 
SCI ubbei because oi the ( aO and CaC Oi pai liculate in the efllueni gas Pi nblenis 
in thickener opeiatimi aie similai to those eiitounteied in the utility and steel 
industries 





Chapter 42 

Agricultural Uses 
of Water 


Mint liLsIi uaUi IS iisLil loi afriuulUiii 111 tliL I iiilLil Stalls llian fin all indiis- 
liial puipusis llKllJclln^ Liiihlx c iiiiling watii Bs tai ilu laigcsi pin lion ol tins 
IS loi 11 ligation lilt piiiiiipal lotus n[ tins Lhapln Faun lists inclutlt walei 
supph foi lisesiotk aiiil rloiiustit iisi, anil staler toi laiin LqiiipiiiLiit parliLU- 
1.11 Iv loi die slI l iigiiiL 1 ooliiig, anil pit paiatiiiii ol ague iiltiiial iheinital solutiiins, 
siifh as fc.ilili/Lis and litihitidts 

Both sin fait* and inidt*] ground siniices .no drawn on lin agiitultuial water 
suppU, Liu gr talc St solumt is lioni sin fait siiuiiis, but llio laigosl nuinbor iiJ 
insLallations usr wtlJ wall! An exainplt of suilai o wait i use is wositin ii iigaticm 
withC oliiiado Ki\ 01 waiti L and flooding lor h ailiing and iiiigation in that ai oa 
has beioino so widosproatl that it has allot tori ihi saliiiil> of the C oloiado Ri\oi, 
iLqinimg tJit I niLecI Slates lo drsalmato llit rnei lo moot hs iihligaliniis Lo its 
downslioaiii luiglihoi, Mcxiiii 

CROP IRRIGATION 

Although somt nops along the* Laslein soahoatd die litigated, llio inajot appli- 
Ldtions of inigatioii waltr aie m slates where both lainfall and watei arc reia- 
ti\e1\ star to, i e , west ol the Mississippi Risei Betause of this, theie is gi owing 
use ol loilaiinod waslowaioi for crop iiiigalion lot rnaii> >eais, the entire dis- 
chaige of llie sewage iieaiiiiont plain at Luhhotk lexas, has been used ior 
iiTigalioii ol 1 otton But the use of iiiuiiiiipal sewage plant tlBucnt fot iiiigatiiin 
ol food imps IS a mute sensitive piohlern and letpiircs tareful evaluation oi 
siiih poteiitidl problems as the heavy iiu*ta]s coiiieiit of the wastewater, the pies- 
enee of pathogenic tiigainsms, and the efleil ol each of these on the erops 

Irrigation water must be pumped from the soune and passed thinugh some 
t\pe of ilistiihuUon system, either open or closed Many distiibuiion systems are 
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Figure 42.1 ()\eihrad iniffaliDn s\'tU ms Hisiiilnin w.iIli ovli lirrMil 
expanses 111 LiripUiiri slcmh iniiMii^ «i(i«)ss ihi In Ids in nprinii/t 
ssaiei used (f is u/ inlmunt Inditstius hit I 


opr-n dilihes and Humes thal de\clop pinhltMiis iil binlri^ual ^timlhs plu^^iii^ 
uiih srdiinrrU, seepage iiiro ihi ^loiiiid (\shiili is iisiialK the hijjhesl pnilniii id 
ihe vvatci Inst in louie Ui ilu* pimii id use), and e\ aporaliini Inss 

I he prnblenis in closed dislrdiuruiii sssleins .nc discussed elsewluti in iliis 
text, rht\ air cale^riii/ed as i iiirnsinn, siaJiii^, and depnsiis caused h\ sidniiiiu 
cji niKiuhiaJ aclixilv Piecijiilauim mas uilui hi ihc rlisti ihulinn ssslein il 
ainmriiiia is added In ihc irii^aiiciii water as a feitili/ei 

Manv nutation ssstcins use plasm pipe because cd its li^lii weighi and cms\ 
assembly C uirosiori in such pipelines is nnl a pitiblem Aliei iimi lung ihi pniiii 
111 use, the watei is led inin an nn^aiiuii sssleiii vvlmh may be id llu ^lasily. 
spnnklet cn diip t>pe With die f^iasily svsleni, helils may Ih* Ltiinplelely 
flonded, as lui me. iiillivaLiini, in the iiii^aliuii water may lluw aiiussa slnpiii^ 
field I Iil bulk uf iifi^aiiun w.itei today is handled b> ^layily 

Spiinklei iiii^aLion systems iiiLlucle o\eihcMd applic.ilion, which is luininuiily 
used on crops like allalta Oveiliead spray systems are designed lo ccwei siujili 
hedds haying a diarneiei cd as iniuli as 2V)0 It (750 in), higuie 42 1 1 lie sei mill 
basic type ol spiay system uses low lia|ecloiy spiinkiers (.ilius iiops may use 
this design to (online wetting lo the sod, leasing the fcdiage diy I heie is ron- 
sideiable evapriiation loss in die use id spra) iriigalion lieiause cd the laige 
water surlate area pioduied by (he spray inrehaiiisms Ibis e\apoiarion also 
piodiues ccMding, which may pieseiit a problem id ihernial siiess to the plant 
The final (ategniy ol irngalion, drip iirigation, has been dry eloped to meet 
the needs of agriciilliiie in waiter-short aieas wheie evaporalioii losses cannot 
he tolerated A corilrolled yidiime of water is deliveied lo eaili unit iiiider iiilii 
yation at precleterinmed rates, using the device shown m logine 42 2 Since the 
flow rate |km unit is small, ihis type ol system must lie kept completely lice ol 
sill or slimes pimfuLed by miciobjal aitivily to pievcoii clogging oidues thal con¬ 
trol the rate of flow to each site 


THE NATURE OF SOIL 

Soil IS a miraculous mixture of inorganic materials produced by the weatliciing 
of nwks and days, and organu material produced by the deLomposilion ni 
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- Camp 
‘ Water inlet 


Figure 42.2 In cliip iiiliis riniiiEri miners wain 
pirssiiit h> liiiiintial iisisiainr thmuj^h a lim^ hilical palh sri 
ihr Liiiissiiin hnlt* laii br as lai^t as piissihlt* In avnid plugK^’^K 


Phvsical siiesses, |ii(irlu(eil liv cliiiinal Lpiiipnaliiie ilian^cs oi 
siMsunal lier/ni^ .mil thassing assisted In eiiisiDii fiiini x\iiirl and siiiims, rause 
cxlnli.iliiiii nl exposed i iiiks, hieaking iheiii ilowii niioline paitiiles IhcsoKeni 
aiMriii of uafei pindiiiL's a siiiiiiai efleil In sekiineh dissoKmg oxides, laibon- 
atts, and leldspai, leleasmg the patlifles of less soluhle inaieiuil The eOetl ol 
both nl these iseatheiing leaclions is to piodiice silt and sand, isliiih is wasliid 
into the \allexs lo deposit with otliei soihlniming maleiials 

( lass aie hioken dimii in a soinenhat siinilai lasliion, set ihe\ still hung llieii 
swelling piopeities and llieii ion-e\i liange Lapaiitv to the soil mixtuie finally, 
high-nioleiidai-weight oiganii riialcitals, siuli as huiim acid, liihii acid, and 
polvsai I hai ides, with Inwei inoleiulaT weight niiileiials suih as pioiein, aie 
Inoken clown In hatieii.il aLliiin Jiisi as with the oiganii coinpoiients in Loloieil 
walc'i, these lolloidal maleiials l.iiiv a ihaige that is luniiah/eil as then ion 
exchange sites lake up calciinn, magnesiiiin, and iron, causing Ihicculation 
and scMlnnenlalion ol the oiganii nialeii.il wiih the sand and sill 

111 this sod nnxiiJie, the ila\ is usiialK ol small paititle si/e, lessihan "i nminns 
Sill IS noi malls in the lange ol 5 50 mu ions, and sand mas he louiid m pai tide 
si/es horn .50 iiiicions to 2 inillimeieis 


TABLE 42.1 Salwtod Soil AnalynB 



Prn|Hrii\ 

A 

Sample 

B 

t 

Oiganii mallei, Vj 

0 9 

1 0 

1 4 

t.a, ppm* 

1600 

700 

2000 

Mg, ppm 

1.^0 

IbO 

440 

k, ppm 

210 

71 

347 

1’, ppni 

io:t 

4 

135 

pH 

7 4 

n 2 

7 4 

Fr, Meq/100 g 

0 0 

0 7 

0 0 

Caiiun exihangc tap , 
Mer|/1CM) g 

4 H 

5 7 

14 7 

Sand, 

bH 0 

74 0 

5H H 

Sill, W 

27 2 

17 2 

33 2 

Clay, % 

4H 

R8 

S.H 


* mg/kg nl soil 



4a-4 Jhm NALCO Witor 



Percenr sand 


Clay<0 005mm S ir 0 005mm 0 05mm Sand 0 05mm ^ 0mm 
Figure 42 3 I niuil Si lus l)i piiniiLnl of X^niuliiiii snil 1 1 issihi lUini 

Iht pni|KrliLS ul sivtial snils an shimti in I ibli \2 1 mil i rlii^iiiii ihal 
UlIiius tFit \.]iii)iis (lisiiipiiM lau^oiiis ol snil is shown in Ji^iiii \2 1 \nuls 
Loniaiiim^ an arul mnisiuK oiiupv about ol ihi soil voluiiu an inipm taut 
fan 111 iinilListanding tlu i iiMioiimtin ol soil btdcna itid ihi iipilliis iHiils 
tlial noi oiih ILlain soil inoisUiiL but at tiints pimiriL watii to tin iinm /out 
tioni tht watLi tabk lai btlow llii pi int 

1 Ik nioistuu lonkiii of tlu soil is iiuasund b> a iLiisionutLi If the \oirl 
spacL IS satuialf (1 with watci ifu iiisininu nl nails /lio as ihi soil dr mis and 
air rniupirs an iiui i .isinf^ pin lion of tlu soids i sulLioii iffcil is piodiULd mil 
the instrurncnl dial fa vaiuum gauge) shows iimr.isiiig liscls ol \aLUiiin I hr 
dial IS lalibralcd in mills oi baiomi tin pitssuit (bats) and a leading of 70 renti 
bais usual1\ warns ol tht soil beeoinmg loo ilr\ and lequiiiiig iriigalion A un 
sjometer may be used Ld automaluaflv loiitiol the iiiigatioii sysliiii il may mill 
ate walei liow at )0-l0 centibais and diseoniinuc lliiw at 10 20 nritibais loi 
example 

MEASURABLE SOIL CHARACTERISTICS 

Although many pioptrLits ol soil ait ilassilitil subjttlivily suih as liiabilit\ 
many other properties can be measured quite precisely Hum inrludr llie pti 
meabiliiy of ihe soil its swelhng piofKrlies its ion exchange lapaiilv and ihi 
conductivitv of thi water cxtrarl Hu pH of the water extract is also an iriipni 
tant property as this influenrts the stlection and dosage of chemicals used lor 
soil Londitioning 

Ihe plant growing in any soil, pioperly irrigated and exposed to sunlight, 
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iiiiiihiiiL-s idiboii diDxiclc aiul watci In piniliiLC idrlNih>clralL's diirl ow^eii 
diiniilin^ lo lliL lollnvviii^ iL.iilinti 

( o.-i- M () c n + n ( 1 ) 

1 his Udflinii shows ih.il (>1)^^ oi tliL wiighl i>l laiI ioIimIi alt nn^itiateil with 
walLi In othi 1 wnuls llii waUi lo piodiict tin (aiiKihvchaU in a 

hiishil r)l whi.it wti^lnn^ .ihoiii hO Ih (27 k^) is ahoiii 40 Ih (IK k^) ( onsiclti 
ihl\ moil wall! is applied lo iht pi mt thin is coiixiiltd lo taihnhsdiau Lk 
laiisi o( lianspiialion (iht platil s [r|ui\alt'nl of ptispn ilioii) lioiii ihi foliage 
ami diaiiiaL>L ol tMisswalii past iht looi /iiiu Iht li aiispii alion pi ociss lakes 
pun w lit I \apm liomiht pl.iiii s s\ ste iii h a\ini; hi hind a mot i toiuintialed 
Miiifl III oiht 1 Will ds till plant aiis as an t v.ipm iloi the i \apoi ation pioMdini; 
Miolini; lo ilu skill |Lisi IS piispiialion ilois lot inmials 

\noLliu mipoit.ini ltd ahoiil die phoiosMithesis uacrion is lhai il iL(|Uiits 
f him opin II IS il I il ih st Mat>iii siiiin is in i ile d to jji oiliir e tin i liloi nph\ II in oh 
cult aiul this niiisi hi likin into iln plain fhuils thioiifrh ihi mots hv some 
pi 111 I ss ol siliiiioii lilt plant ilso iiipiiiis iii.m\ olhii niiiteiials loi tell smi 
tin SIS iiuliiilmi> phosphoi us pot.issium nitio^in mil sullin Depending mi the 
l\pL 111 plant iMliin tint ihininls an iitiilid loi luitiitioii ind these loo 
iiiusi I oim hiini tin w lU i soil t nvii oiiiin ni Pliiils iiii^aiid wiih muiiiiipal 
sew.L^i pi ml lIIIuiiii show upiikis oJ In i\\ ini tals miliidini'polltitialh to\n 
iii.ilt nals sillh IS II nl and/iin But thi si uuw hiimm ioiuLiinalt d in tin stalk 
ihi liiiMs Ol tin mots tind m i\ not hiLoiiu i put oJ iln liiiii 1 ai h of rhest 
piohlims has lo hi m\esin]'iii d sihitnih lo dcltimiiu tin i fit it of luaw 
mriils m miimiipal sev\ ii>i on spiiifn IimiiI imps 

SoilhiiLitiia in |Mitl\ itsponsihh fm sohihili/iii^ iht n i|iiii nl nuti it nis f oi 
lianslei .umssdu ouiu skin ol the iiNnsmlntlu pi ml fluids i m tin most ptiil 
llnsi ill it mhif OlII misms so tin t italioii ol maei ohii t onditions wliiili iould 
he latisid h\ pool di imaiie m h\ inniation with wasiewtileis hi^rh in oi i^aiiii 
food siihsiaiins loiilrl lit dt limit mil lo iln pl ml 

CONCENTRATION EFFECTS 

Sun L tin |)l lilt lolii^e isipoiiits wiiii ihi pl ml (luiils hit mm i|mii ion 
leiiliatMl lelatiM lo^mund w.iiii Osinoln piessuie thin laiises walei to pas 
ai loss iln I ool sm lat i s Ji mil tin soil and ihis lea\ i s a nioii i oiii t nil.ill d walei 
III the ifKil /one 11 llu silmils of iht walei in iln moi /mn htioiiHs loo hi^h 
iht osmnlii flow iii.i\ itnisi and tin plant laii hitonn deliMliaLtd is il passes 
walLi into the soil Iht lelalixi sail lohiaine ol a stallind ^miipinirof imps is 
shown h\ lahle 12 2 hasid mi tin LOinlintivilx ol a paste piipaiid limn a soil 
sample 

111 adriilioii lo iln loinenlialioii iflitls caused h\ iiaiispnalimi of walei fmm 
the plain and osiiiotii flow ihtie aie othei faitoi s afleiliii^ the nniipositinn of 
Hditi In Id in ihi lont /one V pinmiiunt lout iliangiiifr this tumpo&ition is the 
(dpilldi\\ action nl llu soil lansing watii In use in the sin fiue'eiiisl lobe ev ipo- 
iJled In llu dUiiospheit \s walei is iniueiiliatid, wlulhii hs li.mspitdLinn, 
nsiiiosis, 131 e\di>niatinn two inipoiiaiil iiidexes ni walei qnaliU aie attecied 
ibe Siahilil\ Index Lhaiii;es (tilhci the 1 aiif^ehei liuh*\ ui the SnII Daxis Index), 
■illd^ the sndiiim lulsniplinii ralin (SAR) eliaiiges I Ins latin is dtiincrl as 

Na 



TABLE 42.2 Toleranctt of Carlaln Cropa lo Salinity 


High lulrianir 

\fiiileralr loin am r 

t im tnlc-iaiur 

(in,nno>ib.m)() 

(t.(l01l-10,()()() 

(lieUm 10(H) 

IIIMIOIllllOS) 

mil loiTihos) 

mill niiihos) 

Hiolrv 

AII alia 

( rlriv 

Siigai Brel 

Rvr 

(jirrii hrans 

( niinii 

U heal 

Field beans 

Spiiiai li 

Oais 

Kii V 

1 mil 

INiiaiiirs 
( an ms 

( ill us (1 ups 


s(ii Kf 1 Qiki1ii\ (riiiii.i, 1 1*\ .iiiciii K 1 7 M) 1 { Diii'iiiil il.ii.i U\ 

Saliiiii\ 1 iilxji.ilnM Si.iH, I SI) \ 


whrir mini loiiirnii.iiioiis ait in i‘i|iii\alc'iiis pri miJIinii, ni inilliri|iii\alrnis/ 
Litci (111^/1 iliMclcil h\ (i| IVI) 

Fhc cLi\ LCiinpniU'iU nl soil has inn rxihaiif^r pinpritiis whiih pl.i\ an iiiipoi 
laiiL mil' 111 holilin^ liair iiiclals Ini lhi‘ plant In uw as ilie\ iiiav hr iirrilril I hr 
ilav loinpuiiriii ma\ also inilurlr swelling il.i\s, sm h as hi iiloniu \ hi^h S\R 
value ailrils the plant itsrll, ilu (la\ iiiiiiLials wilh mii r\( hiin^t lapaiilii > (laiis 
iiif' the flair inrials to hr irL>eiu'ialrfl nil ihr clav paitiilr), anil ilispiisinn anil 
swi'lliii}' nl ihrilav u ihii int> its pi i iiii tihililv (rliama^i ahililv) 

Mini ait snnu ^iiirial lulis ahniit ihr siiii.ihiliiv i»l itN^iilJoii WiIIli ini 
iritaiii (io|is 1 ni rxaMipli tin S \K liinir fni iiilaiii Jiiiils iii.iv l)i niih Inin 
vvhnras i>iaiii and .illallii iimv tnliialr an S \R as lii^h as IS llnwivn, il is iint 
the iiii^aiiiiii watri itsrll ihal is nl | 4 iralrst inntrrii, liiil lathri ihr natiiir nl flu 
warn at ihr innl /niir, whiih has hirii aiiriird h\ i nut rnli.ilinn and nlirn h\ 
pirupilatiiin nl laliiiiin caihnnatr I2 \ is .in illiisiialion nl whai ni.iv 

liapprn in iiii^aiinii wain in i nm Liilialiii^ b\ a laiini nl Iniii in ihr innt /niir 
1 hr SAR nl ihr (adni.iiln Rivri al Paikri Dam is jsrivrn as 2 02, and ihi I antirliri 
liidix IS -I 1 Oj 111 till sriniid inliiiiiii ni thr labulalinn, this wain has brrn inn- 
iriiliarcd inui iimrs, whiih is a typiial iniiirntiatinii lalin (ni soil watri aboiil 
twrivr ituhrs brinw thr ^tnuiid Irvrl 1 hi I an^l 1 rl Indix has ini irasril in t 2 
and thr SAR is now 0 Oi Srvrial pinirssrs arr gnm^ on in ihr inni /niir whiih 
ailril ihr actual i nmpnsitinii, mi hiding pi rcipilalimi ol lalfium laibnnalr anrl 
rcspiiatinn ni snil nif;anisms in pinrhicr (.()» In ihr ihiid inhimn, it is assumiil 
that thr l.an^rliri liidrx has irallied rquilihniim bv^ pirnpiialinii ni tali mm 
carbonate and bv the pnidiutinn of 65 iiif*/! of (^O-* by bailriial irspiiatioii 
Because of ihe pieupitatioii ol calcium larbonatr, thr snihuni arlsoiptinn latin 
has inr erased almost to six 

A mndihcarioii ni liir Lan{;elirf Inilrx has been proposed in piovidr a mrans 
oi rstimatiiig the sodium adsoiptioii latio oi liir soil nioistiiiL' based on ihr SAK 
of thr iifigalioTi w^atri and the coiueiitration latin 1 hrse relationships art 
shown below 

1. pH, — pKj - pKt + p(Cm 4 Mj^) + p Aik 

2 . PI (Pieiipitation Index) - pH** — pH, 

3. SAlCe = SAR» VfiR^(l + PI) 

where pll, =» rqiiilibiiurn pH ol iiii|falion watei at (]aC(),i saturation 
pKj = - log K 2 , second dissociation constant oi HzCOj 
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IriE I F r 41 I of A j V ^ 7aL i I B w 
A Colorado River at Parker Dam 
(I 'A' at 4 conLcntidtions 
L 'B' dssuniny CdOO^ precipitation 
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S \K IS )>iniinfl u III 1 

hiiniius i Dill Mill 

1 IlLll 

pK 

log k t iiinlibinim 

lonslani foi 

Cat ()| 



p(( a f Mg) 

log (C a 1 Mg) the lotal haicliuss 




\lk 

log \lk tot ll 

alkalimts 
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c mil 1 ntiation i itio 






si — 

soil extiait 








vv — iTiig.itnni w.ilii 

As shnv\ii ,ibu\L ihis nindiluil inrit\ .issuiiits iIr pit iipitatiiin i»l tiuigiusium 

Htll as iallium in ilu siiil as ilit imbibicl waUi m ihi mol /oiu ioneinliarcs 
li also assuiiirs ihr abilils to aniiiauh iinasiiit the pH ol llii waiLi in ihe iiMit 
/OIU 

Of (util SL, out nitans of miiiIi oiling ihi i om t iiLiaimn illt 1 1 is to Icaili ihi soil 
b) applying an cxicss of isalci lo dilute llu loniLiitialt But, in many aieas 
'vheic iiiigation is practiLcd, there is a shiniage ol ualti and coiueiilialinn 



TABLE 42.3 RBcommendMl MBHimum ConcvntraHont Df Traca EIbiiibiiIb in Irrigation Watora* 


I (II ijsefl Viir usi up in 20 vimis iin Iiiil 
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^ rill SI It M Is ^Mll nni m ilK nut uImisiK illi i L plants ni snils 
Rt iniiiint iiiImI iinvimiiiu i niii t hit itinn Ini ii ti^ i in us is 0 1)7*1 iii^ I 

^Stt V\aui Quilm Cniciu Fiililnaiiini R 1 7 M) H IM7J p)> U7 ^*i\ Ini i 
(list iissinn iW till St titiiiiiils 

I) 1 111 Diilv anil hilt UMiiiifl snils ni at id soils with itlatiMlv hiy^li ii i>ii nsiili iiinlLiUs 


Kituiiilbv kilt hill}; nia\ Ik iiiipiactual II sinl cluiiui^t is pnm rxitssis itti iiia\ 
siinph tlnnd tiu Mints and lesiiiil an siippU tn siid t>I^anlSllls 

In St 1 1TU aitMsisliLK it r i^aliiin is piat Lite d ihini ait liints ulitn ^t iiuiid waU i 
nia\ list iioin llu Haiti table Ui suppK ilit t(h»i /oni 1 he tiinipaiibililx id ilit 
cnnitiiLialt(i iingaliriii waUi uith the giiiiiiitl wain iiia> biitinu a pinbkin il 
preLipilatKJii ikiuts anti ledutcs snd piinitabdilv 

CONDITIONING IRRIGATION WATER 

Quality stanrlatris have lH*en TeinininmdLMl ftii iingatinn that ait as inmpleu as 
those issuer! Inr putabli water lable 42 lists leioiiniK-nilid maxiiiiiiin levels id 
iiate cnnsliluents in irrigaiion walct 

In addilion lii ihese geneial rctoniiiieiidaiioiis, lurilui prelttied limits tni 
sahiuiv and iiii|Kiitaiit eleiiieiils suih as iKntin have* bet'ii piupnsed Irii sptxilit 
types (j 1 (iijps 

Because ol llu laige volume ol walei used loi eiop iingalion gene'iallv, 
wratci tieatmeni for re'rrioval ol specific cimsiiiiients has histoiitally lH*en ion 
siricred unetonoinual lot the most pan, the only tieaimeiil l>emg piaetiLed 
IS thicshold treatment lor (i) stale lontrol in distiibuiion systems, and (2) lo 
prevent rakiuin carlMinatc precipilatinii in flume waiei to which ammonia has 
been added as a feilih/ei The addition cd aminoiiia lo irrigation waiei with 
a positive Langeher Index may cause calcium caibonaie to piecipitate, but this 
can be conirolled by the use of polyphosphates In the newel drip-iiiigation 
systems, wheie very small volumes ol watei arc bi ought to indiviifual plants, 





bcLdiist. ijf rh( small fliiw thniu^h the in dm dual distnhutjun units plugging 
IS an eVLi piestni litre at ClaiiJiiation tiLatnicnl with dispersants applii aliiin 
r>i liicHides in a (onibmatiiiii iil ihtsc. may Ik luitssaiy In keep the system 
lunctioiiing 

I he. use of munitipal stwagi plant LfHueiil feir irrigation of cioplands tan 
seivt both ihi inuiiiLipalit) and agiiiulluial mtiresls Spiav irrigation has 
proved lo Ire an iffcctnc te.itiaiy irtaiment lor both inuiiiupal and eeitain m 
dusliial wastes—suth as food priHcssing wastes Ihtie will undoubtedly be 
iiuieaseil use ot waste efflutnts loi iiiigalioii and the savings to the waste plant 
opLialoi 111 not having to install exolii uitiarv trealiiunt laeiliLies mav |usiify 
addilional lieatmeni of soriit kind in the waste plant if the quality of the eftiuent 
iiiiist be upgi ideel lo meet limititioiis on suih iniisliliunts as heavy metals 

1 he desalm itioii of the C oloiado Rivti lo upgr ide its (pialily to meet the 
needs iil the Mcxiean laimirs suggests that there will bi growing ennsideralion 
of desalm ilioii proi e SSLS is wild qu ilit^ in w iter shoi I ii e is i ontinues lo depie 
elite mil the \ ilue of c i ops iiu i c ise s 
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Chapter 43 

Oil-Field Water 
Technology 


THEORY OF OIL FORMATION 

1 he iii^aiiii thiDiN the niDSt freiiLiiiih h\pr)lhtsis on the oii^iii ol oil 

pit Slimes ihal miiioscnpii plant anil animal hie lioin tht sea and udal area^t 
pioMclecl oils ia\s maliiials h>diri^tn aiidcaihnn 

lhif)ui;h millions 111 yiars ii\ eis liaiispoitcd puat \ohmus of mud. sand and 
piniluils nl sin fail tiosinn to the si a floni to lit spuail by tides and lurienls 
I ndii the ini i easing vsii^ht ol this an iimiilafnif^ debus, the on an HiMiisshmh 
sank and ueie ioiiipiisserl to Iciim the sedimenlaiv rinks wIiilIi lontain |>clio 
hum—sandsinrR, shale poious hincstunt, and dolumiti a niixtuie ol laliiuni 
and mafrnesiiim laibonates 

lilt oi^anii ioin|H>nenis ol iiappid muiosiopK oi^anisins ulic tlian(*ed 
mei millions ol years In peiiohum ihioiij^h iluniiial physical and biologiral 
itilluenies (li^urc 111) 

\atiJiall) iKrunin^ petioleiim is tomplix and saiiable m ihemiial composi¬ 
tion Its irdoi laiif^es limn hjjlil iptinish bioun to black It may lit fluid oi so 
visions as to 1 h nearly solid Ihi pttioleuiii ichiiiis ilassdv ciiides at i or dm to 
then base as lollovss 

1 Paralhn base—hI^h in wax and lube oil liaitioiis. foniainiiif? small 
amounts ol naphthenes oi asphalt low in siillui, niliogcMi and oxygm lom- 
poimds 

2 Asphalt base—high m pitch, asphalt ami heavy lurl oil 

‘i Mixed-base—ihaiaitciislus midway bilwteii paiaflm and asphalt bases 

\ Aicnnatii-hast—high in low molc'tulai weight aioiiiatii coinpounris and 
naphlhenc, with smallci pin lions ol asphalt and lube oils 
( Hides ail tommonlv identilicd b\ API giavily. a hgiiit which is inverse v 
tdated to S[m.'Ci/ic giavitv (S ) 
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API graviiy ^ 



OCEAN SURFACE 


Sedimentolion of organic 
motler Much adsorbed on 
inorganic material including 
colloidal hydrated iron 




SEDIMENT SURFACE 


Microbial decomposition 
of ploni and ommal debris 
during sedimenlalion 


Aerobic microbial activity 


Residuot organic matter 
(marine humus) vrithin 
matrix of inorganic sediment 


Hydrolysis decorboxylotion 
deamination SOj—►S* 

Fe'* + S* —► FeS nHjO 
FpS + HjS -► FeSj+ZH 


Anaerobic microbial activity 
(sulfole reduction) 

Hydrotroilite and pyrite 
formed (source of hydrogen) 


Organic mailer with 
progressively less 0 N and S 


— ^ Compoclion of _ 

sediments increases 
with overburden 


Organic mailer includes 
small amounts ot hydrocarbons 
and other protopelroleum 
compounds 


Organic matter becomes 
more hydrogenated (reduced) 


— — Some cotolyt c 

oction of cloy' _ 

- probably occurs 


Most organic matter 
remains in sedimentary 
formation 


Hydrocarbons _ 

and other _—_ 

protopetroleum 


Hydrocorbons may move 
from source sediments into 
reservoir roch with oid of 
solubilizing ogenis such os 
fatty acid soaps (suMoctonts) 



Porous sandstone or 
limestone (reservoir rock) 


Eventual movement of petroleum 
components and entrapment 
as petroleum-► 


Figure 43.1 ¥ \enrs m tlic tui iiiaiiuii riJ pciiiiliuiii Iidiii iiifTfiiiic dthiis i4tla/)hfi 

from PirtToifum Miciahiulof^ Dai i\ / B tl\ninPiiMt\hin^(umff(iti'y imsfftf/nm } 


API ^TciMiv lan hi (urifijsiii|r li>llii)si unlfimilirir uith pcIi i>liiiiii U i Tuiiir>lr>^\ In 
the ml indiistiy, a high giavity tiiiriL is tiih in viilaiile niaieiials .mil has a Inw 
spiiifii gia\ily (0 7^1 0 H j), so llii API giavity is in iht laiigL Siiiiil 

*hea\\ (luilrs havt a speiifii gia\ily dost to thal ol warn aiicl the API giaxitv 
may Ik as low as W al tiu stanrlaid UnipiialuiL of hfPl (lb''C) 


THE OIL-BEARING RESERVOIR 

Pelt oleum, iouncl oiilv in potous sedinientaiv rrMk, migiairs lati tally ami up 
ward rcarhing some Imal stiuctuiL oi trap having a iapronk seal whinh loritains 
the oil, creating the rcscrvoii 

Many different shapes, si/es and types ol geological stiutture^ loim leservoiis 
These include (1) domes and anlichiies (2) fault tiaps, (H) uncniiloimitics, 
(4) dome and plug Maps, (5) lens-type traps, and (h) lumbination traps An anti 
chrial type of folded structure is shown in Figure 41 2. and a trap resulung horn 
faulting IS shown in Figure 43 3 



OH-Plald WMar TBChnotogy 43-3 


FIgur* 43.2 Thi; SI pdrarifiii »J 
wdLc-i and fiiJ in an aiiliilmL, a 
folili [1 sniHiuiL iijp|ieH h\ an iiii 
pMVinus hand [i uufU\y oj \nun 
tati PitiuUum hwUtiih fiom Pttmfi 
nf Oil and Uas PiatlHrUtm ) 


Waler 



1 hf and width id a rrscrvoii can vaiy iinin iint* In srsc'ial miles, and 

the depth finni a Uw feet in seseial hundred A one acre (1) 405 ha) leseivmr 
with a depth id 10 ieel 05 in) would inntain 10 atie-feet, a common unit nt 
mt asm t In esiimale its |H'tioleum iniileiii, the total pnie \oliime (pornsii\) and 
pel I enlace ml satin atiiiii (10—009?) must also bt known The lemaiiiiiifr fluid is 
mliistilial (ill tnnnale) water 1 he L standaid rd measurement rd \olume in 
till pell oleum mdusitv is the hair el (42 gallons, 5 b2 ft'*, 0 lb m*) 

\ 10 aire-liMii iescivon cnniaiiis 4)5,b00 ft’ (12,527 in') With a poiosilv ol 
209r and an oil satination ol 809? this would contain 

155,(iOOx 02 x 08 - hO.bOb It* o( oil (1072 in') 

— 12 421 ban els 


PETROLEUM PRODUCTION 

\Micn till dull ptneliaies ihi leseivoii, oil and gas aiL foiled to the sutJaie by 
natui.il leseiMiii piessure 1 he peiiod id time dining whiih oil is pioduieil bv 
natural icseisoir ptessuieis lefened to as piiinaiv pioduition, a peiiiMl id a lew 
months Ol siseial vtais 

1 he flowing well is lonstiuiteti rd * strings'' ol cmicentiic vcitiral pipes called 
tasings and a smaller pipe, usualh 2-5 inches (5-7 5 cm) m diamtiei, tailed 
tubing, thtougli which pioduied fluid flows The laigest iliatiielei casing (the 
sin lace stiing) extends to a depth ol 200 to 1,500 feel (bl 4b0 in) the inleime¬ 
diate suing may leach a depth ol up to 5,000 feet (1550 m), a thud lasing (the 
oil suing) may teach the. pioduiiiig/one Some piodiiimg /ones aie at depths of 
20,000 feel (IrlOO rn) oi iiioic 1 he tubing into the pioiluiing loimation is se- 
Liireil bv a packet whirh seals the space iHMween the tubing and the final casing 
(Figuie 45 4) 

()ccasionallv inteimediate lesel siiings are peilorateii, allowing ptotluLiion to 
flow simultaneiiush limn shallowei pioiluiing /ones 

A series ol valves and flanges at the wellhead (called a (diiislinas nee) includes 
a small oiilire plate (called a choke) (Figure 45 5) to lonliol flow 


Figure 43.3 Ihe sepaiaimn id 
watiT and nil m sections ol a 
fault, the displaicmeni of layers 
along a slip plane (Cout/fvy of 
Ammran pFtrnimm /Tidduf/, from 
'Pnmrr of Oil and Produftton ”) 


Impervious 
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Figure 43.4 Ilu ivpn il n 
idii^diunr III siiiii|; mrl 

lul)iii4 111 in rill will (< iiutttw n/ 
Imnt/tin Pftiutium Inshtutt fjum 
PuiHi} nf f></ (wd (wa\ Pifwliulum ) 


When the naliii.il icslivuii suhsiiUs, sonii niLlliiiil ni puinpiii^ is 

em|)lnM'fi to maiiiiaiii pi iHiiiirion (liffuiL T) h) 

Oil Dehydration 

Oil IeavJl 1 ^ the pnidiiiing ucll is a niiMiiie ol liijuid pelioleum, ii.itiiial gas and 
loiiiiarifin watei (Iiguie VM) niiimg tails piiiiiaiv piodiiilion, watti ma> Ijl 
insigniliianl Most piDdiiition, liimevei, irmtams si/ahle piopoiliniis ol pio- 
duLcd watci (up to MO/r) 1 his must ht sepaialed hum the oil, siiut pijieline 
speiihtatiuns stipulate m.ixiiiium watti Luntini—as lim as I'/r, liut ii]) to ^-V/x 
in some lixalilies 

Ihe iiiilial sepaialioii vessel iii a modeln tieauiig plain is lallcrl a liec-uatei- 
knockout (PWKO) (Figuic 1'^ H) Fiee-waLei, defined as thal which sepaiates 
within five ininiiles, is drawn ufl to a liolifing tank, to lx* i larilied piiin to lemjei- 
tion or discharge Naluial gas is also withdiawn fiom the FW'KO and piped In 
stoiage T he remaining oil iisu.iU) contains enuilsirieil watci and must 1 k' liii tliei 
pruLcrsscd to hic'ak the emulsion, usuall> assisted by heat, electrical eiicigv, oi 
Ik^iIi 

Healer licateis (figuie 4*) 9) are veilical oi hoii/oiuaJ \essels m which the 
waler-in-oil emulsion is resolved, invaiiahiv wilh the assistance of eiiiulsioii 
breaking Lheniicals Ihe elecliostatic tieatei empliiss heal, but also uses high 
voltage alternating i urienl to chaige the water dioplets, aci eleiating the proi ess 
of coalescing sinallei droplets into larger ilriips 1 ht deinulsified crude oil flows 
to a stexk tank lor pipeline shipment to a icliiieiy 

Enhanced Recovery 

Enhanced recovery describes any additional produLtion after primary produc¬ 
tion thal results from the inirocliiction of artificial energv into the reservoir This 
includes waierflcMiriing, gas mjeilicm, and other processing involving fluid or 
energy iiijertion whether for secondary or tertiary oil recovery 




ngurt 43.6 This oil i\ell pump is a walking ticdin uiiii Submeisiblc 
leninfugal units aie dlso Lommonly u&ed 








Rgurs 43.7 Dil i>« itlnuist .il 
vwdvs pinrliuLci .is .tii Liiuilsiiiii 
vti) fliliiiiiit 111 .11.11111 

hum finisliril oil |iiiuhiiis 


Si-cc)ndfii\ iCLo\ei\ is diiv riilianictl iL'LO\ri\ hi si uiiili i laki n iii llu usli 
Mill L siialU, It lulldws |iiiiiian pififluitiiiii, hiil in.i\ hi lhiiiIui iril i iim iii i l iitl\ 
uilh it Wat^1^rlllrlln^ is thr most itminioii nulhinl ni sL'iniiilan ii'iinriv 

FfilMU icLcnciv IS enhanicil it‘io\ci\ uiuIli taken hilliiwing sruiiHlais 
upciatioiis rirsigncH fiii li»l«il il'covl'is iit the lein.iiniii^ pciioUiiiii Vs iiiiiili .is 
5i)^A nf the tiii^irial ml ma\ i rmaiii in plaie ailei piiiii.ns anil si i imil.ii\ pirn 
esses aie leiiiiiTialeil 

Secondary Recovery by Waterflooding 

Waleiflmirhii/^ is iii|eLtii)n of watei as a iiniliiiin haiiiei lliiou^h llu pKiihuin^ 
foi Illation II 1)111 a senes nf in|e(linii wills inwaiil llu pi mini in^ uell Siiih iiijei 
tinn wells lan eilhei he Loiueitcri pioduiin^ wells in iiiw wills ilnlleil speiifi 
tally for injection of a llnofliii^ walei 

Propel spaiing of iht in|eilioii wells is iinjioilani Most iisiivoits an Ilooiletl 
rhiou^li wells rlisiiihuleri iiiiiloiinly tliiou^hoLil the lesiivoii Oiheis may Ik* 
HfKitleil hy peiiphetal injeilois 

A typical aiiangcineiit, lallerl a “fiM-spol p.itlein" is shoyvii in Fij’uu IS If) 

1 he density of well spacing (the area eniloseil hy the peiiiiielei of the li\e-spol 
pattcin) may he Sane, 'i-atie oi whaieyer density is iJeteiiniiied lo he most 
cfhLient by the leseisoir enjpiieri 

1 he |)eirneahility of the leseiyoii tink has a great heaiing on its siiilahilii) loi 


Produced 

fluid 

inlet 



^Goge columns 


Fmuhion to 
heoter Irpoler 


figure 43.B Free water and f(a& arc sepaiaied Iriiiii the piuduted 
fluid in this gravity sepaialiun vessel, simplifying emiilsiiin breaking 
iCourUiy tif Ameruan Petrolfum InHttutr, tram "irfatmg Od hrld 


Stock for hot gas 
from combustion 


Oil level 



0 I water 
ntprface 


Rgura 43 B Ihishiiln m irti usi^s ihr hi H nl Iiiinljusium I>i ^isur ml 
tn ht LI llu Liiiulsiuii liiim ihi Irti witLi knoLkLiui rliiLin dssisling 
(lirmiLil 111. Hint III ui \ielii m oil ol iniiiimLiiii w lUt ciiiiuni (f of 

Inutiran Pt/rtiftnn Ivsiihtlf from (hi thld I mulsiom ) 


v\auilloiiiliii^ Kfuk IS lonsidiiccl piimtahh il a sl^tlJfllaIll Huul Huw will pass 
tliinuf^h 11 in I shofi linii il is impciincahk il lIil idle ni passi|;e is nt^ligibU 
1 he unit ol iKimi ihilils is the datc> standaidi/cd b> the Ameiuaii Pclrn 
Il inn hislilute is iiilliiws \ jinirnis medium h is i ptimLabilir\ ol one daiiy 
whin I siii^k pliast fluid of run (tnlipnisi \iscosit\ ihal coinpklelv hlls ihc 
voifls (ill pints) of lilt iiitdiuiii will flow thiough it ii a i lit of orit Ltnlinietei 
pt I sciiiiirl pii squaiL LLiitiiiictLi of iioss st ilioiial aiea iiniJti a piessuie oi 
tipiniknl h>iliaLiliL giiduiil of out alinosphi 11 (7b0 inm of Hg) per lenti 
inctii 

1 ht pi iiiuabililus of fonnition cons an gintiallv in thi i ingc oi VI()()() 
millidai (Its (md) (1 nid = ()001 d) \ rough pin tic al ixampk ol one dart> 
would 1m 1 ill fi (OOJKf m') ol sandstone passing appuiMiiiatelv one bairil of 
ml (0 Ih in'*) pLi das with a pitssuiL drop of 1 psi (0 ObH bars 0 070) kg/iin^) 
PLinit thiliis ind poiosilv \ ii\ gnatly both latti illv and vcilit illy in iht lypi 
lal nstivoii rock \ loik whost ptriiitabilits is ind oi less is lalled i light 
sand Ol a dtnst limtsioiie aLLoidirig lo its loinposiiion Iht following an 
loiigh ptrnuabilils latings 

1 10 mil 
10 100 Hid 
100 lOOOiiirl 


I III pi lull iliilils 
(hmhI pti int ihiliis 
Vti> good pti nuabilits 
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^Producing well 

olnieclion well 
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Figure 43.11 V ififl Itrst unit l«r cvalujliii^ iM-imralMliiy and plii^f(in|* iL'iiileiu) id a 
LUir subjedcrl lii a spciilii floiMl wjit'i tFium Mc( unr, (! f/, "On Site lv\tmg tu De/irif 
injertton Watft ilualUy RFquirrmrnis" Sot n>ty of P Fir oh urn Fn/^nFFn Puhtu-ation 5 J 


It is imprralivr fur cfficiLiit JliMidiiipr that Ihc water be li>tally iimipatible with 
the reservoir rorination. A desirable walei tor this purpose is that pfoduied 
from the (ormaiion, after separation from the oil and However, the amount 
of water required lot flooding far exceeds the volume prinfuced, so supple¬ 
mental water is needed. 

Produced water and supplemental surface waters must be clarified to remrjve 
residual oil actumulations, sand or dirt washed from the producing formation, 
oxidized inorganic or organic suspended solids, or corrosion products. Quality 
required for waterflooding is dictated by the permeability restriction of the 
reservoir. Currently, the most popular equipment fo rlarihcation is the flotation 
cell employing gas diffusion to prcnlure clear effluent. 

Where injection water must include surface or well water of lower salinity than 
the original formation water, chemical incompatibility with the formation rock 
may result. This may cause swelling of clay in the reservoir rcMik. Historically, the 
suitability of injection water has been determined through analyses of the waters 
in question, a membrane filtradoii, or laboratory work with formation cores. All 
of these procedures have the disadvantage that the waters have been removed 
from the actual reservoir environment and may have changed. 









A held unit has been developed Im dehning in|ection watei quality standards 
(Figure 4S 11) f he injettion watei does not uiidergn any change dunng sam¬ 
pling, handling or shipnieiU, and storage Formation rock is used in the stud> of 
the eflect of ihetnual additions and filtiatinn iiindilioiis 

Mosi injettion waters aie passed through some type oi hller, the media and 
design depending on the rcseivoir petmeability types ol filters milude mixed 
media beds, individual well larrnclges, or septum filters using diatoinaieous 
caith as a hller aid (Figure 43 12) in some cases moie sophisiualed liealment, 
sLiili as Llai till anon oi lime snlleiiing, inav 1 m‘ needed Dcaciation ma) l>e le- 
quiied to t educe nntosiiin oi to pi event non oxidation (Figiiie 43 13) 

THE NATURE OF OIL FIELD WATERS 

Altei establishing injertion watei qualih, steps musi bt taken to eliminate or 
(ontiol scaling, lOTiiisinn, anil fouling of suilace equipment, tanks and lines to 
pieveni intenupturn ol watei mjetlion in a decrease iii oil pioduclioii 

It IS netessais to conduit seveial types ol analyses to identify and evaluate 
these potential pioblems Analyses must be lun at points thinughout the watei 
sYstein, iKaaiise Lhaiiges ihiough tht system provide data for proper rontrol 
1 he |oh ol injLLtion system roniiol starts at the pioduLing well foi it is hcie that 
watei begins to change As watei enlers the piodiuLioii tubing, a pressure diop 
CM tins that iii itself could cause pieiipitation either in tin tubing string or in 
the roimalion As the pioiliiied fluid approaches the suifaie, further pressure 
diop laiises loss of gases and a ieduction in lempeialine 

Substances m oil field waieis aie ilassifieii as (1) dissolved lonii solids, 
(2) suspended solids, (3) ciissohed gases, (i) pinbleni-caiising bacteria, and 
(5) residual oil 

Total DIsaolved Sollda (TDS) 

In oil field brines, IDS ranges from less than 10,000 nig/l to oven ^30,000 
ing/1 of which (Nat 1) Minstitiilcs HO'/r in iiioie Iroublesomc lalioiis found in 
oil field waleis are calcium (( a), magnesium (Mg), baiium (Ba), stioiiLiuni (Sr), 



Flgiira 43.12 In ihis waierflooriing iipcratiiin. both sand hkeis and 
sepiuin-lypc filters an* used In prevent under ground plugging (Courtesy 
I M Water ( ondiiwnmfr Comffany ) 
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Figure 43.13 \.miiirii rli^fisilKis iinum dissnlstrl (iniii ixaiii iisi H lui 

sertindarv ml iiKnii^ iin this nflslirui iii* (( oinfny uf Infiltu Ihi^nmun! Int ) 


and Iriioiis non (ft*) ( oiiiiiionK eiuniinuud .inions au ililoiKk (( 1), siil- 
laie (S() 4 ), huaiboiidie (H( OJ, and sullidc (S) 

Poiassiuin (K), lithium (Li), hoi on (B) /iiit (/ii) and (( ii) au also 

tr[*(|ijpiill\ miMsuiL-rl A liw typiial biiiiL tombinalioiis ai l shiiwii in labk I'l 1 
lliL 'asraldiim laiboiiati tlrsi^natiiiii,\aliiabk to i iit>iiu'Lis win kiiiL> wilb sin 
lacc uatLMs, is \ntuall\ iinkiumii in oil litld ualLi woik I lu siiindai di/c d AIM 
Teport (fi^iiTL* 1'^ 1 4) iniliidrs ImilIi tabidai and ^ia|>biial loinis 

Suapended Sollda 

Vaiioijs iinii^aiiiL and rn^anii solids au found in ptMiohum v\alL‘is 1 lu'sr 
riiav be particles of metal oxides Ironi Hell lasin^s, or oxidi/ed iron oi man- 
f^anese oii^inallv in the waiei Olliei suspended solids ma) Ih* silt, sanil, ilav 
or bacterial bodies 1 hesc paitiiulates aie colleded on a 0 4*1 innton nuriibiane 
filtei foi identification I be filtc'ied solids aie analyzed sepaiatelv (f 1 ^ 1111 * V\ Ki) 
A high Lonccntialion of fieon-soluble cMiactables usuall> indicates llu need 
for l^tiei detnulsifiralion or claiihralion of the ualei to be iii|eited Hydro¬ 
chloric acid soluble materials include carbonates of calcium, magnesium and 
non, as well as oxides and sulfides ol non Residue remaining aftei irealrneiU 
could include silica, barium sulfate, calcium sulfate 01 heavy hydiocaibons such 
as asphaltenes, which aie insoluble 111 most solvents The residue could also in¬ 
clude baitena 
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Conpuiy 

Semple No. 


Raid 

Lefinl DeBcription 

County or Periah | State 

Leue Dr Unit { Well 

Depth 

Formetion 

Water, B/D 

Type of Water (Produci!il, Siipply, ale-.) | Sanipliny Paint 

1 

Sampled By 


DISSOLVED SOLIDS 

CATIONS 

Scvdiiiiii, Nh fralc.) 
Calcium, Ca 


ng/l 


Mavnenum, 
Barium, Ba 


ANIONS 

Chluride, Cl 
Sulfate. SO4 
Carbonate, COa 
Birarbunatr, UCr).-i 


•mr.fl 


Total Diasolved Solids (ealc.) 


Iron, Fe Itotal) 
Sulfide, aa H3S 


OTHER PROf'ERTIES 

Ipcriflr GrnviLy, 60/Cll F. 
Resistivity luhm-meLcrs)_ 


WATKIt I*ATTh:UNS - mr/l 
STANDARD 







r", 


Nro, 


I I § 


.LIIlluilll.ll]l-UuJcD^ 
||||||'| ij|ui!' '"”^* 1 **** 

■ I IIIhull I iihml i iiluulea. 
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Figure 43.14 AIM viaier aniilysis rtpiirt lonii. (f/cJurfrAy of Amnituti Ft'triftt'uni Iri.Ktitutf, 
Jrnm API HP 4^, "API Herommfntlrd Prar.t'ue for Analysis tfl Oil-FietfI Wains/') 


Dissolved Geees 

The ^'dses uf (^realcst ciiiicern arc hydrogen sulfide (HjS), larhon dioxide 
(CO 2 ). and oxygen (O 2 ). 

Hydrogen sulfide —Produced waters containing HjS are called sour waters. Oil 
reservoirs can fjecoine sour through ilic activity of sulfate reducing bacteria 
in the producing formation. II 2 S con centra lions can reach several hundred mg/1. 
In many area.s of the country elaborate mechanical systems are used to remove 
this gas from the produced water before reinjection. 

As H 2 S is extremely poi.sonous, all sour oil held operators po.st conspicuous 
signs at tank.s or vessels cautioning against inspection without the use of breath¬ 
ing eijuipmeiiL. 

H^S in contact with iron produces iron sulfide, which can accelerate corrosion 
or art as a .serious plugging agent. The sullides of most metals arc insoluble 
in water. 

HjS can also be produced in the water handling system by sulfate reducing 
bacteria. Any increase in H 2 ‘'i concentration through the water system not 
caused by blending is considered an indication of bacterial activity. 

H 2 S in contact with dissolved oxygen can produce elemental sulfur, also a 
serious plugging agent. 

H 2 S + */ji02 = H 2 O + S° (1) 

Carbon dioxide (CO-j) is an ionizable gas, forming weak carbonic acid when dis¬ 
solved in water. It is one of the grcate.st contributors to production well and 
waterflood system corrosion. PrtKluction well concentrations of COz can exceed 
200 mg/I, much of which is lost to atmosphere when the produced fluids leave the 
well. Carbon dioxide is also responsible for dissolving limestone reservoir rock, 
increasing hardness and alkalinity. 













PHLbSUKL (Faiq) 20 

THROUGHPUT (millilIl?xs) 1000 

EXlRACTAHLbb (mq/1) 

Mater Solublp 
Freon Soluble 

Hydroohl one Acid Soluble 
Iron (Fe) 

Calcium (Cd) 

RESIDUE Img/L) 

Total Residue 

51O2 and/or BaSO^ 

TOTAL FILTEKABIE SOLIDS lmg/1) 


Figure 43.15 Analysis nl -suspended snlids 
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disadxanta^e of ihis teihniqiu* ih dial a lime lapse of 7-'^0 riavs inighl resuU Ix*- 
foie positisc deleiminaiiiin is made 

I sing a new Icthniqiie, liaiteiia fillerecl niilii a pad htim a walei sample (11 4i 
miiroii fillet) ate inimerlialeK iiiimetseil in bulling watei inntaimng a buHei 
snluriim that desiioss the en/vmes which wciuld iiornialK iiiiisiime AJP 
(adenosine inphosphaie) ii|K)n lessaiion of life f he pieseised 41 P is leaileil 
with luiileiin and liiiifeiase eii/vines m a pliolriineiiii cell, and the photons of 
light pKHliiLed indiiale total bailetia popiilalion within nimiUes allei sainpliiig 

Raaldual Oil 

Foi a qualiiative deieiininalion of lesidual oil, hetiii exiiaitioii followed b\ 
weighing IS retnmmeiideil I his piCKecliiie leqiiiies iinu liiiiiiing ils use ioi 
moiiiloimg 

4 held picKeiluie iiixohing exiiaition of Liude wiih ihloioloiiii giMs good 
infoi inaiion c oiii eiiiing i hanges in oil lonieiilialion thioughoiil the w.iiei 
sssteiii fn main cases, i|Lialilali\ c loiielalioii with lalnnaioM evtiaiinin fiielhorls 
IS quite close Die ihloiofoim cxiiacled hvifiocaibon is loinp.ned to pitpaied 
stanilaids in a simple photoinelei Diis nuihoil is ic sine led to use with iiudts 
basing a dehmte coloi 

MINERAL SCALES 

flic iiiineial scales of gieausl coiiccin lo oil piodiiuis aie caliiuiu lailHiiiau 
caUiuin sullaie, and haiium sullau Slioiiliiim sulfaie, a less loiiimon scab 
can also cause* piohU'ins Seseral non conipounds aie also of coiitein, it Kind 
to coiiosion oi Lo oxidalion id feiious non as a ionser|uenci ol ox\gen iiiini 
Sion fable lists common scales with sssiim saiiahles that alfiir then 

tHCUtienie 

Mineral scales can foiiii in tnain aieas, siipeisaliiialioii ran oiiui in the 
for Illation face as the piodnttd fluids eiitei ilu* pioduiiion liibnig, stall can 
form thioughoiil the length ol the piodiiclion tubing and on siirkii i oils and 
in downhole jiiimps, it can loim m sin lace \essels and on the healing suilaies 
in the heatei tieaiei 

111 the water h■n 1 flllI 1 g ssstem, scale can loiin m in|ictii)n watei pumps, sin 
face lines leading to irijeitioii wells anrl link suilaces m the mjeilion loiinalioii 
Some scales can he teniosed In cheniual ii i*atini‘rit, an expciisne, lime lon- 


TABLE 43.2 Moal Comman Scataa 


\iaiiiL 

( hi mil at Ifiiniiila 

Piimaiv variables 

(.akium caiboiiaic (lalule) 

(aC (), 

Paiiial pic’ssiiii* 111 ( Oi, leinpeia 
tiiic, lotal ilissidveil salts 

r.alcium suUdtt 

Ciypsum (most loinnioril 

CdS04 iilfjO 

leni|iridluiL, tfilal dissolved salts 

Anh>diiti C aSO| 


ptessiiie 

Bariufii buJfdte 

BdSf), 

lemperaiine, lolal dissolved salts 

Strontium sulfate 

SlS()4 

Iron tom|inun(ls 

Irtriiiis rarboiiati* 

Fet O, 

t iitiosinn, dissolved gases, pH 

fermijs sulfide 

FeS 


Ferrous hydrcixirir 

Fc(OJi )3 


I'emc hvdriixitle 

Fe(C)H)^ 


Feme oxide 
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sumiiif^ priM.t*ss Sidles suili as bdiiiim siiliaie, which laiiriot l>c leinuved ihcin- 
itall), md\ requiic fepldiLnient nf suifaci lines or abandonintnr ol the well 

Calcium Carbonata 

( dlcium laibiinaLt t(|iiilibiia au ftci|iunllv upsci in ml held warns due in 
LhaiifTis in limptiauiii picssine iiul pH 

Biiausi (aliiiiiii laibiitiau solubilits diet eases wiih iiii i Lasiii|;r umperatuic 
itijnlmn lioiii llu siiilari in a wairn lotniation iniilasts rht (haute ol laLiurn 
I iiboiiali diposilinn I is sniiibiliiv inc leasts as llu Intal dissrilsed solids loiilEiit 
iiHieases 1 iii iiislaiui Iht idduion oi 20fM)(l() iiij;/l Mall inttLascs ( aC O) 
soliibililv In o\ei lOO'^r PridiLtion oi i iliiLini i iiboiiait stale poitiitird has been 
llu sub|<(t ol inuLli itsLaidi 1 lie langelui saniiaiion index ailinipltd to 
itlaii laliiuiii 111(1 ilkaliniis Loiucntiaimns lo pH It iiip( latui t and lot il dis 
sol\ed solids Bill this had iiniiii d \ due in ml In Id hums 

llu SiilT l)i\isjndi\ IS iitiw width aieepiid foi prednliii]^ calliiim laibonali 
diposjiion 111 oil 111 Id s\s*ciiis lo bi usilul the an.ihlital data iniist bi de 
iiiiiiined on liislih di iwii samples an ihses dciiiiiiineil in ilabinalorv aienoi 
iiliiblt siiiit llu iliiiiiiui (d llu watti mas cliaii);t siibslaiiLialh Ihe Siiti 
Has IS index lainrcs li run J (I to 4 2 0 Posiiisi iiiiinbLis indii ate a pio^ii ssiveh 
siMit siipiisilin itioii lu^alni luiinbcis indiiaiL an undt is iliii alt d solution 
Iht \ ilidils ol llu iiidix rlcpeiiih on llu iiiiiiiai\ ol llu inihsis 

Cnlclum Sulfate 

Most laUiuni sullali di|iosils found in ilu oil field aie ^psuiii (( aSO^ 2H O) 
ihe |)ii doiniiiaiit foiin at Ic inpe i aliiu s hi low UK) I (( ) alxivc this lirii 
piialiiiL anludtite (C aS() 4 ) iiias Ik. found (>\psuni solubiliis inciLdses with 
U inpi latui I up lo alKiui 1011°! iiicl ihen lUtie isi s willi iiituasini) liiiipeiatuie 
Sofluiin ihloiide iiiiiiiscs llu solubilils of aiih\ilnii is il dots foi laliiiini 
[iihoiiiii up lo a sill ((iiumil moil of appioxini IIIh 1 000 nifr ] lli^liei salt 

i oiut niriilions dtiii ise laliiiini sulfaii soluliilils I lit aildilion ol 1 ill 000 nig/l 
\ i( I lo dislilUd wall I iiipks llu soliihiliis ol gspsuin 

One id ihe iiioit mini pitdiiini indexes Irn g\psiim is ihai ilisclopfil b\ 
Skillinan Minmiald and Still ( diiiiin sull ile pii npilalion usuilh 11 suits fi oni 
llu nnxing ol iwo wains mu ol whiih has a high lalmiin oi siillile conccntia 
tion \ soliibilits giapli iililing laleiuin .mil sullali loiu t iilialioii in loiil 
biiiii tmuenlialion is shown in ligtiii H Ih 

Barium Sulfate 

Uaiuiiii siilfale solubilih is llu lowisl ol the usual stales appioxiinaleh 2 ^ iiig/I 
in ilisiillt il wait! 1 111 soliibilils ol baiiuni sullaU is also iiiiuasid In mntasing 
sail toiuentiaiion I hi addilioii ol 100 000 nig/l Nal I to ilisliUtd walei in- 
itiasLs llu soliibilils of baiiuni sLillali fioni 2 i nig/l to appi nxiiiiati h ^0 nig/l 
at 77'*! ) 

I 111 solubility ol haiiuiii siilf iu iiuiiases with tenipciaiuit so rim ilu lorii 
biiu'd etiiil 1)1 itnipnaluit uirl sodiuiii ihloiide ioiuiiiliaiion tan miieasr 
solubilitv lo approxiinalih hi mg/l at 20t"h ) . . u 

Baiiiim sullate dtposiiimi usually itsuirs liom ihe mixing of a baiiutn la 
wali-i wiih a sulfate mb waiei Sutli a ioiiibiiiation slioiilil bi .nrndtd bul when- 
lUixing IS una\mdabli ilitiiiuai iiihibiinis nia\ loiiiiol ikpiisils 

Scale Prevanllon 

The first scale iiihibnors svtic tin iiioiRaiiit pi>l>phosphates but then liiiiitauons 
were quiikK distoveied above 1*0°F (b0”( ) they icvtii to nithopliosplialc, as 
they do ai aiidii pH or over a long tesidenre tiiiu Iht oilhophnsphatc tor in 
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100 1 000 10^ 100,000 


PPM CiMOj) 


Inftjuctions for luing Uip graph 

1 Determine concentration! of Ca (ak CaCOi), SO4 (at Naj SO4 ) and H laa NaCI) 

2 Plot the inteiiecting point of Ca and SO4 conrentraiiDnii on thr graph 

3 If point lies above the diagonal line for NaCI level, the water will tend to preiipiLate CBSO 4 If point 
folia below the NaCI diagonal, the water la underaaturatpd and ahould nut precipitate CaSO^ 

Rguro 43.16 C dUmm sulldti *)(iliihjlih i*ia|ih ai i.iiluiis In ini It vi Is 


rlr>cs not itihil)ii sc air Pirsrnl fl«i\ oiJ firlH si ale iiiliiinlois an of iliiri ivpcs 
(1) rstcis of polvphosjjliiiiic acid, (2) phosphoii.ilos, and ()) ln^al1u polMiitis 
such as pnlvinris oi in>piil\iiiris of aiivlii in iiirlhaiivlii aiirl 

I he phosphair rsiri loi inulalinns air \eisalili loi innsl oil held wait i appli 
cations Phosphonales and |jol)nic.r pindiiils have ilrhnilr ailvaniagrs vshrii 
waiei irnipeialures rxirrd 200°! (9n°( ) Dosages \aiv ssiih irm|)rialiitr anil 
the corueiili jiion of suspended solids, suite solids adsorh the inhihiloi, leipiii* 
iiif; high Loiiceniialioiis lot eneclise iiihihitiori Dosage is also diieill> piopoi- 
lional to the degree of supeisauiraiion 

When applying stale inhibilois to piodiiiing is ells the ‘ sipjee/e” lethiiii|iie is 
Irequeiitlv used 1 his involves iii|eciion ol a stale mhibiloi into ihe pioduimg 
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Ininidtiiin thiinif^h ihf production lubin^ string under piessure I he scsde 
inhibitor molecules adsorb to the formation^ to bt giadualh icicased with the 
produced fluids Scale inhibitor squeeze applications can last foi periods up to 
SIX months 1 he need loi renewed tiealnicnt is deteimined through tests for 
inhibiioi lesidual m the pioduied fluids 


CORROSION 

rhe piirnats loirodinis in oil field wain systems an carbon dioxide (CO^), 
hsdiogcn sulfide (H» ind oxygen (O^) 

One 1 casoii ox\giii is luiiosivt even al low comcntiations is its patticipation 
111 mating iliHcitniial nils iHiicath deposits on metal sui fares, uhieh Ik come 
anodic to ad|atinl deposit Iree anas Coiiliol ol oxvgtri coiiosion in oil field 
walti s>sli ms ic(|uiies a ennsf leiitioiis efloil to exclude an riumall suifate tanks 
and\tss(ls ind li iim tlu casings of pi odiieing wells Fu Id gas is used to maintain 
a positnc gas hlanktt in these areas whcncxci possible 

\ftei establishing control o\ct oxygen txposuie, it is then piaelieal to use an 
owgen scaxingci to leail with iiaic t|iiantitiLS iil nm iimng ox\gi n Sevcial 
Ispis ol siilliti in used iiuliiding sodium bisulfite (\aHS()|) ammonium 
bisLilialc (NII4HSO,) sodium sulfiti (NA^SOd and sulfur dioxide (SO^) 

1 he ilumisiM is the saim with all of these the sulfite naits with rixvgen in 
foim a siilfalc 1011 

SO, ^ + *.() SO, (2) 

1 ht siilfili ox>gin real lion is iiilluLiKcd by it mpeiatuiL and pH Optmuiin pH 
hn c|iiitk naciioii is abo\c 7 Most oil held wateis will laiige in pll Irimi hO 
to 7 ^1 

( alahsis of the iLactiiin is netissaiv Sonuiinies nattiiallv cm e tin nig me lal tons 
in the piodutid walii will do iht |ob bill usually the catalyst is ptovuled in the 
siillitt (oimiilalion 

In high oxygen Insh w.ilei systems passivating inhihilois siiili as eliromale 
supple inenlecl b\ ziiu and phcispltalt max pi oxide an alleTiialive In uxvgen 
scaxeiignig Hcmexei tlu presemi ol Il^S 01 leilam easily oxidized h\clri> 
caihoiis in ifi|ietioii systems 1 educes chiomaU and pieeipilalLs zinc, so these 
alletnatixes ait stlclom ippliiablt in waleifloods 

ffydrogen sulfide is eoitosixe becaiist it ionizes to loim a weak and 

H.S —H"+HS (J) 

Uhtiicxti H>S IS pre-sent iron sulhdi deposits 1 hesc deposits aie cathodic to 
base metal, so it usually follows that scveie pilling tururs beneath iron sulhde 
deposits, all as a consequence ol the II 2 S Whcie O 2 iniiudes into .i sulhde svs- 
tein, tlu lalc of toriusioii tan beeiimc uneontinllable (^aibon dioxide mixed 
with H 2 S IS also muih more aggressixe than i*ilhei of the gases alone Whcie 
HjS IS pi 1 st III, an etiiiieiii film loiniing iiihibiiiii must be used to present 
severe, IcKalized eonosion 

Invanably, eorrosicin iiihibitois used in ml held water work aie orgaiiii film 
foinieis The molecules adsoib onto metal suilaecs to shield the meLil Iroiii the 
rorindents Since the him forming corrosion iiihibilors must be added 10 a wide 
lange* nl brine eoncentrations and in many eases to a mixtuie of water and 
bydroearbon, inhibitors with a wide lange ol solubilities must be available In 
the pindunng well where a mixtuie ol ciude oil and biine must be treated, an 
inhibitnr that is oil soluble and only slightly watei dispeisiblc is often required 
I his will him metal from the oil phase, providing long term persistency to the 
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mpial surface; thal is, ihe film ivill be maintained even when the inhibitor teed 
is discontinued. This allows batch irealinent of producing wells in many in¬ 
stances. One of the most common methods of treating pruducing wells is using 
a treating truck to pump inhibitot down the tubing oi into the annulus, lullowecl 
by an ovtTflu.sh of produced water. The appliialion is repeated periodically 
at intervals depending on the aggres.sivencss ol the corrodents. 

In injection water system.s where w'ater is the predominant phase, inhihilors 
mu.si bc' either totalK waler soluble or highly water dis]jersible to larr^’ through 
the surlace line and tubing system. I'liese inhibitors are not persistent, and it is 
necessary to feed c'ontinuoiislv. alw.i\s inainlainiiig a residual in the system. Loss 
ol inhibitor resirluals result in desorption ol inhibitor him and loss ol pioiectioii. 

Ill monitoring the chemical piogiatii, inhihitoi residuals aie deleriiiiiied 
through held extraction tests for close control. 

(airnisinn monitoring is usually ai complisheil thioiigh a r oinhinarioti ol metal 
weight-loss spedmeii.s, lorrosioii meters, pipe spools or nipples (whiili have the 
advantage ol duplii aliiig Ihm conditions), and "iion louiils.'' Kc'sirlii.il non loii- 
centralioiis are valid in systems without hydrogc'ii siillide. Wheie ll-^S is presnil, 
iron is deposited as iron sulfide. 


BACTERIA CONTROL 

Lijiiirol ol bacteria is iinportanl in oil held walei opeiaiions hei.uiKe ihev l•U 1 
cau.se |duggiiig ol the injection watei (oimation or serious loriosion. 

T'he most trouhlesoine of these orgarusins is the aiiaerohii sullale-i erluciiig 
bacteria, desulfovibiio desultileans. I’leseiit in maiiv oil beaiing loimalinus, it 
is involved in the chemical ihaiigi'^s which oilui iluimg the formation ol 
petroleum. It reduie.s morgaiiit sullate (SOt to sullide (S '^), wliiih leads to 
iron sulfide pi ecipiiates. 

Clostridia, another aiiaerohii .sullate reducing oigaiiisni, is not as prevalc^nl 
as desuliovihrio. This organism is reported to be theimophilu, pveleiring a teni- 
|)ciulure range ol 5r>-70'’C’.. 

Several s|)ecies ol aerobii haclerra are also iinporlant, most ol whii li aie lound 
in .surface waters used to supplement produced waler in a water llinid. Some ol 
the more important orgaiiisiiis are p.setidoiiio]ias, llavohai leriuiii, aeuihaclei, 
escherirhia, and bacillus. 'T'hcse form .slime masses, which can luuse plogghig or 
w'hich shield the anaerobii desulhivihrio. 

Iron bacteria are rHiasioirally lound in .some water Hoods, the two major 
species hi‘iiig sphaerotilus and gallionella. These oxidi/e the ferrous ion (Fe'*^) 
to ferric ion (Fe’^''*). Iron bacteria are identiliahle through a micrnsiopic analysis 
following staining. 

Reggiati>a oxirii/e sulfide to .sullate. Beggiatoa usually grow' in open produced 
water systems where a gathering line dumps into an open pit. They are often 
respon.sible lor Idler plugging. 

Nlicrolx'S arc controlled by rheiniial appliLatioii. 'The i oncerilialioii ol 
chemical and the period of contact varies among systems. Normally, chemical is 
led at a selected dosage, .such a.s 50-100 mg/I, lor a period ol 4-H hours. Fol¬ 
lowing application, samples are withdrawn from the system and microbial 
population is determined. 'The frec|iiency of bifx-ide application is dictated liy 
such control tests. 

In many situations, physical sy.stem clean-up is necessary to gain proper 
microbial control. Low spots in line.s or tanks with Imtlom accumulations of 
sediment or debris protect bacteria from rhemical contact. In these rases, the 
rhemii:al program must be supplemented by a thiiniugh "house cleaning.” 
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Glossary 


Abkarpiton: XssiiiiilalKMi iil iiiiilciiilts oi iiihrt siilisLinm iiiln iIil plnsiial sniuiini' ol a 
lir|ui(l 1)1 siiIkI HilliDiil ihriiiiial iiailioii 

AcUvaird sludge. \ii .ilidIiil liiiilii^ii al puiKss Ifii loimisinii nf soliibli* iiif'.iiiu maitti In 
siilid biiiniass, rluiiiivablt* In ^iavit\ in hltiatiim 

Adkurpf%un, Pli)su.il adhcsiun iil iniilriulrs nr tolhiids ii» ihe siirlait'S nl sulids vwilhout 
(hiMiiiial leailiun 

Aerabtt organiktn: Vn ui^aiiisin iliat irf|iiiit*s nw^rn foi iis iL'spiiatinii 
Aerosul: A iiillniH.d s>sic‘iii inviibiii^ lii|Uifl ot mjIicI p.iiiii iilalt^s dispiMst^d iii an 
Agglomerate: In galhi-i line paiiii iilaies Inffi-iber into a lai|;>et mass 

Algae: Simple jilanls iniiiaiiiin^ ihiniiiphsll Mam an mui nsinpic., bul uiidei iniidiliniis 
laxnrable Itir iheii ^inwlh ihe> |{inn m ininnies and pindure mats and similai nuisanie 
masses 

Alkalmity: H> delinilinn, total alkalinil\ (also tailed *‘M' alkalinil)) is that nhiili mil leatl 
with and as (he pi I nl ihe sample is leduied to the iiieilnl nianf^e endpiiini—aluiut pH 4 ^2 
Aiiniliei sif^iiihiaiii expiessimi IS "!*' alkalinity, whiih exists abtne pH H 2 tiiid is that Hhich 
I eat Is Willi and as the pH nl the sample is rediiied to K 2 

Amphoterir: (iapahle nl real ling in natei eilbei as a weak and in as a weak base km exam¬ 
ple, aluiTiiniini salts hvdinlv/c in watei to pitKluie a lumpound that ma^ be tnusuleied a 
weak base, Al(()tl)|, in a weak aud, 11 |AU)| A pinprit> nl teilani oxides makes them leai- 
tivc both with at ids and bases Alil)| is an example 

1 AbC)| -I- AldSO*), 4 

2 AbO, + 2Nal)ll Na^AMb 4 11^0 

Anaerobic organum: An organism that tan thrive in the ahsente id oxygen 

Anion: A negatively ihaiged lun lesulling fiom dissociation ol sails, acids, or alkalies in 
aqueous solution. 


Q-1 



Q-2 GloMry 

Anodizing: 1 he iicatment ol j meuil siiilaie wheiehv ihe metal is inade aiuMiu 
API gravity: \i\ index r»l speiihi ileliiied h> the \meii( an PLMriileuiii hisiiLiite 

API separator: \ simple ^iavit\ sepaiaint mel'llrl^ the ilesi^ii si.indaiils nl ilie Ameiuan 
Peiinleuin liisiiiute Itn sepaiaiimi nl ml and solids liom uasieualei 

Atfogadro's number, Ihe tiuiiiIkm iiI iiiiilei tiles in a ^ ain-ninlec iilai weight of aiiv sub 
stame, h 02 x 10^* 

Aarferm: Miiiosinpu siiigle-tcll plants ^hith lepioduie h> lissuiii ni hv spoils, identified 
b> then shapes itrius. spheiiial. haiillus, iml-shapeil and spinlhiin, iiiised 

Base: An alkaline siibsiaiiiL' 

Aiocide: A cheniiiiil used m inntinl the population of lioiiblLsnmi niiimlMS 
Biota: All Jnin^ ui|i;anisif]s ni a le^inii ni svsieni 

Black Itquor: Kiail LlNlkln^ lii|iiiii leinsiiid liiini binuii siruk washeis in iht pulp null 

Blakt furnace: \ iuiiiate piiKluiin^ iinii lioin me bv ledLiitinn with i nki 

BUnvdown: I he wilhdia\sal nl i\aii i limn an esapniaiiiiK vsaK i s\s1l in in inainlaiii a sniids 
balanie uiihin speiihed limits nl lom eniiaiinii ol ihnst solids 

Bluwptt: riu vessel icieivin^ Lunked unod pulp horn ilie dif^esui 

BOD: HiochemiL.il ox\^en demand ol a vsatei. Immii^ the oxs^in iL't|iiiied b\ baiieiia loi 
nxidalinn of the soluble oi^aniL inailti unili i Lniiiinlhil lest inndilioiis 

Broke: liiin Ol exiess shell lioni pa^KM inaiiulailine lelinned lo a pulping ilisiii Im 
I eioveiv 

BS^W (bottom sediment and water), A measiiie of oil ipialils bast il on llie vnliime pi it nil 
of sediment and natci that tan be ccniilinked linin a sanijih 

Buffer: A subsianii in sniiiiioii which aicepts h>ilri)^c‘n ions m li\iho\\l ions added to ihe 
solution as acids ni alkalies rriiiiiini/in^ a ihaiif^e in pH 

Bulking: PirHlutlioii t>l a li^hi, Hiifiv biomass, usiialh due to tin piesenii ol filamentinis 
iiiganisms 

Calkr: A term applied loa dewaleied residue iiom a hllei. i enlTiluy>e. oi olher clewaieiiiif; 
device 

Carbonate hardness: 1 hat haidiiess in a walei lauseil by bitailNiiiatcs and lailionaies nl 
callluin and ma^nesiuiii If alkaliiiiiv exieeds roial hardness, all hardness istailjonait hard¬ 
ness, if baldness exceeds alkalmiis, the lailMinaie haidness eipials the alkahiiitv 

Carryover: Ihe pieseiice of Ixiilrr water in steam laiised by foamiii^ or enliamrnenl 

Catatysis: Addition ol a material (laiahsi) that diM*s not lake a duett part m a iheiniLal 
reartiun to met ease the rate ol the i eat lion 

Cation: A positively charged ion lesuliing from disscHiatioii of rnoliRules m solulinn 
Caustic soda: A inmiriori water tieaimenl ihemital, siKliiim hydroxide (l\e) 

Centrate: Ihe lii|uid remaining afici lemcnal of solids as a lake in a centriluge 

Chelating agents: C)igarni lompoiinds having the ability in withdraw ions liom then watei 
solutions into soluble complexes 

Coagulation: Ihe neutrali/ation of the charges oi lolluidal rnatlei (sonu'times also con¬ 
sidered In be fliMCulatinn) 

COD: Chemical oxygc'ii demand, a measure nl organic matter and olher reducing sub¬ 
stances in water 

Col^orm bacteria: Bacteria lourid in the intestinal tract of warm-blooded animals and iischI 
as indicators of pollution il found m water 

CoBaidM: Matter ol very fine partiile si/e, usually in the range ol 10 ^ to 10 cm in 
diameter 



CoaimMcenrt: I he gatheiin|; In^ethci u\ lodgulatcil if>llc>idal lii|uiil paitules intri a single 
cniiiiniimis phase 

Concentratton: ] hr piuiess ni iiiLieasing ilie rlissnlvnl Milids per unir volume iil snkiiinn, 
Lisiiallv l)\ rsapnidiion of ihi li(|ijir], iiJsii, iheaiiiciuiil of inaleiial dissnlsrd in a unil vuliune 
of solution 

Concentratton cell: I Iil iiiiinei non of two soluiiiins ol the same i oiiiposiliiin but ditieient 
Loni eniialioim by .1 niel.il Lonrluiicii to piiiduir luiieiii flou iliioiigh the iiiiuil 

Concentratton ratio: In an i vapoi.iliiig wain sysinn. ihe i.iiio of the LoiiLentialion of asp<- 
(iliL siilisiaiur in tin makeup In its uiiULiiliation in the evaporatid waiei. usually niea- 
siiieil 111 ihr blowdown 

Condemaie: Wan 1 oblaiiiLMi liv i\apoi.111011 anil siibsii|iiei]t uiiidcns.iiion 

Con if fieri on* I he li .iiisf ri ol hiaf ihiiiiigh a liod\ h\ moleiiilai iiiolion 

Conductivity: Mu aliilils ol a snhslaiui to condui 1 In ai 01 ekLliiciU 1 Ire liiial i imdiiilixiU 
IS iisualK I \pi L SSI fl in mil 1 oinlios/i in 

Connate watet Wau 1 piiuliuerl willi ml 

Consistency In iki |iiil|i/papL'i iiifliisri\ a uiin Ini tin ilt nsiis in piiiLiit li\ wrigki ili\ 
mallei, ol .1 slum ol pulp 

Conraininanf \ii\ loii igu Lomponeni pirsi ni 111 anoihn subsi.nii 1 i g anvihing 111 w.iiei 
dial is 1111I ll^.i) IS a t onianiiiiant 

Cunverffon * I lu iianslii ol hiai iliunigh a Hind h\ iiii iilaiiiig iiiiieiUs 

Coordinated phosphate- \ liiiilei iiLaLineni siluiiu using pliospliaii biitteis in aMiiil the 
picsemi ol ludiiiwI alkalinity 

Cracking: \ii ml leliniiig piiMiss that liiiaks laigi niolecuks into smallei ones 

Cnfieaf pmlure; I he picssiiii ai du iiiliial lempeialine alHixr wliiih die Huid no longei 
has the piopiilirs ol a liipjid, regalilliss ol liiithei niiieasi. 111 piessiiit 

Cupola: \ liirnaiL loi inellirig snap 01 pig non with loki- 

Cycles of concentration: ( onienliation laiin 

DealkalB 4 ition: \ny piiHessloi redui iiig the alkalinity ol watei 

Dreanrarum: \n ekiliiaiinn pi (Mess, wheie thi siipcinaiaiil ki|uoi loniams letoiciable 
Iraihing Lheniual 

Deinking: I hi piiness ol lenioviiig ink liom stiondaiy hluris 

Drillinero/iziiriofi.’ Am pimess used loieinoM iiiiiieials lio’ii watei, howeiei, loninionly' 
the I11111 is irstiiLlid (n ion exihaiigi piinisses 

Desalination: Ihe iemo\alol 11101 ganii dissoked solids lioni waiei 

Drsaffii^: Ihe irmoval ol salt lioin nude ml 

Dialysis: \ sepaiation pi (Mess depending on riitteieiues in diHusion laiLS ol solutes anoss 
a periiieiible meinliianr 

Dtatoms: Oiganisnis 1 elated loalgae, liayinga blown pigtiienialion and a silueoiis skeleion 
Diitii/refion: Appliiallon ol encigy 01 ikemitals to kill palhogeiiii organisms 
Diipersonf.- A iheniiial wliiili Laiis«'s pailiiulalcs 111 a watei system lo remain 111 suspension 

Donnan effect: f he ie|eilion ol diHiisinn ol external inns by a senii|»einienhle membrane 
Ireiause ol a high iniemal iniiLeiiiiaiion ol 10ns of Ihe same iharge 

Drift: tnitamed w.itei 111 die siaik disihaige nl a iiMrling lower 

Economizer: A heal exihangei m a lurnate slaik that tianslcts heat fiom the slack gas to 
the bndei leedwatei 

EDTA: kihylenedijiiiineteiidaLeiiL and. The siMlium sail is the usual form of this ihelating 
material 



£lrc(rofyte: A ^ulistanre that dissociates into two oi moi e ions when it dissolves in water 

Elufitm: 1 he pitKcss of extiaLtini^ oiii solid Iroiii anolhei Often used iniiinectly lo 
dpsinbe the ref^enciation oi an ion exihangei 

Ehiinaiton: The washing of a sludge with water to tree it oi ils mothei liqiini 
EmuUton: A (olluidal dispel sum oi one liquid in anothei 
Endoihermte: Absoihiiig heat 
Enthalpy: The loLal he.it Lonlent of a IkjHv 

Entrainment, the tiaiis|Kiil id watei into a gas sLieam In a boilei, this is laiivosi'i, in a 
rnoliiig towel, diilt 

Entropy: A mathemaliial expiessioii applviiig lo the liiiiils to the availahilily id rneigv a 
measure oi ihe laniliim iniiiuin id iiiaitei 

Enzyme; A chemical produced b> living cells having ihr abilitv in lediiie Luge oiganic 
molciules to units small enough to diffuse through the cell membrane 

EPA: FnviiiJiimental Fioleitioii Agents 

EqualiiaUon' Miniiiii/atiiiii id vaiiaiuins iii Hciu and lomposiiion b\ mi .ms ul a sioiagc 
1 esei V oil 

E^pi.lvalent weight- Ihe weight in grains oi a siibslrinit which inriibmrs with oi ilispJaies 
one gram cd hvdtogen, usually obtaineil b^ dividing the formula weight by the valiint 

Eutrophtcation: tniiihment oi water laiising evtessivc giowih id aipiatii plants and «iii 
eventual rhoking and deowgeiiatiuii id the waiei borly 

Exothermic- Tvolviiig heat 

Facultative organisms: Miciobc's capable id adapting to ciihei aeiolm or aiiaeiobic cnvi 
iLiiiriients 

FDA, I imnI and Drug Adniinistiaiinn 

Femieiifation' The innveisicin id iirgaiiu m<itler to t (>2, ( and similar low inoliiulai 
weight compounds by anaeiohic bacteria 

Filler. C la>, calcium tarlumale, or oiliei mini lals ailderl in i cdlulosi bbc r m the pioduction 
id certain grades cd paper iit iNiard 

Filtrate: Ihe licpiid remaining alur removal of solids as a rake m .i filtci 

Filtration: Ihe piiness of sc|i.jraUng solids fioni a liquid by means id a poioiis siibslance 
through whifli only the liquid passes 

Fusion; In biology, the piocess ul repi ihIuc lion by icU splilting 

Flash: 1 he |MiiLiiin of a superheated Huid converted iii vapoi when its pressure is ieduced 

Flocculation: Ihe piiHtss ol agglomerating loagiilaiid pariiiules iiiiu seiileablc* Hins, 
usiiallv id a gelatinous naiure 

Flotation: A piiKess foi separating solids from water by developing a fioth in a \essel m 
suih fashion that ihe solids attach to an par tides and float to the surf are lor collection 

Flume: A raceway oi channel construe ted to cany water or to permit measuring its flow 

Fouling index: A measute id the tendency of a waitT lo foul a reverse osmosis inernhiane, 
based on timed flow thioiigli a ineriibranr filler at consiaiil pressure 

Foiirdniiier: A design rd paper machine using a continuous win fur Inrming the sheel 

Freundlieh uotherm: The plot ol test data related to ilie removal cd colloidal malter from 
water shcjwmg the process to be adsorption 

FiMies: An aerosol with solids as the dispersed colloids 

Ftffi^': As applied lo water, simple, rine-crlled organisms without chlorophyll, often fila¬ 
mentous Molds and yeasts are inrJudcMf in this category 



Gahtanic eompU: The conncctiun of two dissimilar metals in an electrolyte that results in 
current How through the circuit. 

Gafiguff- The earthy material remaining fmiii ore benelicialion. 

Gratfii per galian: A unit of concentration. 1 gpg = 17.1 mg/ 1 . 

Green liquor: The lif|uor resulting from dissolving molten smelt from the krafl recovery 
furnace in water. 

Hardness: 7 'he curiceniraiinn of calcium and magnesium salts in water. Hardness is a term 
originally referring to the soap-consuming fxiwer of water; a.s such it is sometimes also 
taken to include iron and manganese. "Permanent hardness” is the excess of hardness tiver 
alkalinity. “ I'einprirary hardness" is hardness equal to or less than the alkalinity, 'riiese are 
also referi ed to as "non-carlKniatc'' or "carlHmate" hardness, respectively. 

Heat rate: An expression of heal conversion to power, given in Btu/kWh. Theoretical con^ 
ver.siori is .H 41 .S Rtu/kWh. 

Henry’s law: An expi e.ssion for calculating the .solubility of a gas in a fluid based on tem¬ 
perature and partial pre.ssiirc. 

Humid^ration: The aildiiion of water vapor to air. 

Hydrophilic: Having an aflinily for water, lu oppo.site, non-water wctiable, i.s hydrophobic. 
Injiltratitm: Inleakage of groundwater into sewage piping. 

inhibitor: A chemical that interferes with a chemical reaction, such a.s corro.sion or pre- 


lan: An atom or radical in solution carrying an integral electrical charge either pD.silive 
(cation) nr negative (anion). 

Ion exchange: A procc.s.s by which certain unde.sircd ions ol given charge are absorbed from 
.solution within an ion-|)eriiieahle absorlicnt, being replaced in the solution by desirable 
iom of similar charge from the ab.sorbeni. 

Ionic strength: A measure of the strength of a solution based on both the concentrations 
and valences of the ions present. 

Kraft: An alkaline chemical pulping proce.ss, u.sing salt cake as makeup. 

Langelier Index: A means of expressing the degree of saturation of a water as related lo cal¬ 
cium carbonate solubility. 

Leakage: The presence in the efliiieni of a species of ions in the feed to an ion exchanger. 
Lignin: 'I'he major noii-ccllulosc Lun.stituent of wood. 

Lime: A common water treairncnl chemical. Limestone, CaC^Oa, is burned to produce 
quicklime, CaO, which is mixed with water to produce slaked, or hydrated, lime, Ca(OH)t. 

Lipophilic: Having an affinity for oil. 'I'he opposite of hydrophilic; (i.e., hydrophobic). 

Membrane: A barrier, usually thin, that permits the passage only of particles up to a certain 
size or of special nature. 

Metabolixe: To ennven frMNl, such as .soluble organic matter, to cellular matter and gaseous 
by-products by a biological process. 

Microorganism: Organisms (microbes) observable only through a microscope; larger, visible 
types are called macroorganisms. 

Mineral: Any inorganic or fossilized organic material having a definite chemical composi¬ 
tion and structure found in a natural state. 

Mist: An aero.sol with liquids a.s the dispersed colloids. 

Mole: A unit weight or volume of a chemical corresponding to its molecular weight. A mole 
of water weighs 18 g, and its vapor occupies 22.4 liters at standard temperature and 
pressure. 



Monomer; A moleLule, ii&udlly an iiiganii Lompound, haviri|r ihr abiliiy to |Din with a num¬ 
ber ol identical incilecules to form a |M>lvmei 

Nonearbonatr kardness: Hardness in walei lausrrl by ililoiidi's, siillatrs, and niiialrs iil 
talciiim and maji^nesiuin 

NomcondennbloM: Gaseous matciial not liqiiehed when assiMiated watci vafini is londensed 
in the same eimionment 

NPDES permit: 1 he Naiicinal Pollution Disihaifre hliiiiiiiaiiiiii Ssstein |ieiniil reqiiiii'd li\ 
and issued bv FPA 

NSSC: The neutral siilhie. seiniilieinii al pulping pun ess 

STA: Nitiilotiiacetic and, a ciiclani with the sodium sail being the usual loiiii 

Occlusion: An absoiplioii process 1 j> uhuh one solid inaltiial adlii'ies stirnigh In aiiolhei 
sonietinies imi lining b\ io-pieci|iiiaiiori 

Opacity: I he }M'iieniagL nl light riaiisiiiissinn ihinugh a plutnt 
Ore: A niineral (oniaining iiseliil subsiaiucs i^liiih lan he e\liailed 

Orifice: An opening thioiigh which a Mind i.in pass a i estiiilinn pl.ir eil in a pipi in punide 
a means ol measuiing How 

Ojinoju: f he passage u/waiei ihroiigli a |M‘i nie.ihh ineinljiaiu st paiaiing two snliiiiniis id 
difleteni i niiientiatinns. the waiei passes iriio ihc iiioi l i nnieiili •iteH suliiiinii 

Chridotion: Aihenmal iiailion in which an elenieni ni ion is iiunastd in posiiivi \aknie 
losing electrons lo an oHidi/irig ageni 

ParJkffig: I he hll in a lonlined syiai e in a sinppnig \cssel langing honi siiiipb sh.ipt rl iiinls 
such as roi ks oi slats lo toinplcx shapis pioxiding large siiilaii aiea |>i i iiiiii \oliinii. 

Pasteunjaium: A pi mess loi killing palhugeiiii organisms bs heal applied loi a iiiiual 
periiNl of lime 

Paihagen$: Disease piiiduung mu lobes 

Periodic chart: An arrangemenl id ihe elements iii orriei ol inn easing aloiriii iiuitiIhts 
that illusliales ihe lepetilion (oi peiiiMliiil\) of kes iliaTacteiisius 

Permeability: I he ability id a body to pass a Huid iinrlei piessiiic 

pH:K means ol expressing hydrogen ion ioiucntialioii in leiiiis ol llie pimiis rd 10 the 
negative logarithm ol ihi hydiugen ion loni eiiiialioii 

PhotoeyntkeMiM: 1 he process of lonveiting lailNin dioxide and watei to iaibohydraits, aiti- 
vated by sunlight in the piesetue ol Llikiiophvll, lilK'iaiirig oxygen 

Pickle liquor: Acid used in iieating steel foi lernoval ol oxide scale 

Plankton: Small oigaiiisms with limned powers ol liMoinolion, ranied b) w.nei cutiimiis 
from plare to place 

Poiariie: In ciiiiiisinn. ici develop a bartiei on ihe anodic oi cathodic surlaie, disniplmg 
the uinosion pun ess 

PoUuiunt: A rontaminanl al a loiuenlraiion high enough lo endanger the acpialic enviion- 
ment or the public health 

Pofyelectrolytt: A polymeric mateiial having ion exchange sites on ils skeleton 

Polymer: A chain of organic molerulcs produced by the joiiiing of primal\ uriiis called 
iRcm^men 

PolyphoMphate: Molerularly dehydrated orthophosphate 

Precipitate: An insoluble reaction pioduii, in an aqueous ihemiial reaction, usually a 
crystalline compound that grows in si/e to become vctdeable 

Pratoxaa: Large. miLniscopic single-cell organisms higher on the food chain than bacteiia, 
which they consume. 



Pulp: Fibrnus mairer. 

Radiation: In a furnace, ihr iraiisfer of heal by energy waves, iniiirh like other furins nf 
electrorriagnetir waves (e.g., light and radio waves). 

Ra^: Debris that aLL'iiinulates at an oil-waier inierface. 

Rankint cycle: I’he suct:e.s.sivi' Lhanges in heal enntent and tempera lure a.s water is ton- 
vertrcl to steam, expands through a prime mover, condenses, and returns to the boiler. 

Recovery furnace: A fiirnai e which burns black lii|Ufji from the krafl pulping process, to 
recover the cooking cheinicals as smell. 

Red mud: 'fhe gaiigiie from bauxite processing. 

Redox potential: Kerbiclir>n-oxidaliiin poieniial measured against a standard eleclTodc. 

Reduction: A Lhemical reaciiori in whiili an elemeni or cninpoiiiid gains elerirons. Inking 
reduced in posiiive valence. 

Regenerative heating: In utility stations, a scheme ibr reducing heat lo.sse.s to the main con¬ 
denser in the cycle by using steam extracted Iroiii the turbine lit heat feedwater. In engi¬ 
neering designs, the use rd a heat exchanger to preheat the feed to a priH:es.s by extracting 
heat Inin I the pnKltict. 

Reheater: \ heal exclianger localetJ in a furnace to increase the leiiipcrraturc of steam 
extracted Inmi a turbine for reinjccliuii. 

Arrofufton: I'lie breaking of an einulsiun into it.s individual components. 

Ringlemann test: A method of comparing theopaiit) i>f a stack pliiini* lo an arbiirarv set of 
siattdai'd disks ol iturea.sing degrees ol discoloiaiion. 

Reverse osmosis: A proi ess iliat reverses (by the applicaiitm of pre.ssure) ibe flow of water in 
the nainral |)roie.ss of osinosis so that it passes from the more concenrraied to the more 
dilute soltiiiiiii. 

Reversion: I'he return of molecularly dehydrated phiisphaie (polyphosphate) to its hy- 
dialeil origin (oi lliophosfihaie). 

Salinity: 'flic preseiii e of soluble minerals iii water. 

Salt-splitting: flic ability ol an aiiiun exrhangei to conveM a salt solutimi lo caustic: the 
ability id a ration exchanger to convert a .salt solution to acid. 

Saturation index: The relation ol cHlciuni carbonate If j the pi I, alkalinity, and hardness of a 
water to deienniiie ils .scale-forming lenileiiiy. 

Saveall: A general term for several de.signs nf devices used to recover liber hum white 
water and clarify the w'ater for reuse. 

Scale: 'Hic precipiiale ilial forms on surfaces in contact with water as the result of a physi¬ 
cal or chemical change. 

Scale pit: A collection cliamlK*r alongside a rolling mill that receives roll cooling wafer con¬ 
taining metallic scale. 

Scouring: The removal of surface debris from raw textile libers. 

Secondary fibers: In the paper indusli y, fibers reclaimed from waste paper. 
Sedimentation: Gravitational settling iif solid particles in a litpjid system. 

Seed: A panicle or panicles, usually crystalline, added to a .supersaturated .snlutinn u> 
induce precipitation. 

Selectivity: The order of preference of an ion exchange material for each of the ions in the 
.surrounding aqueous environment. 

Sensible heat: Meal mea.surable by temperature alone. 

Seguester: lo form a .stable, water-soluble complex. 

Sewage: Waste fluid in a sewer. 



Stnter: \ clmkcr-liki* nialriial piiKluced in a speiial hiniaic hoiti a niixtiirL* nl i iial and 
lecoveiL'd iioii-htMiin^ matt^ii.ils, sin h as sc air pii solids, used as Lliaif*L' loi a blast luiiiair 

Sixing: \ sin lair finish, siuli as siaiih, applird to papri and Irxiilr IiIk-is 

Slag: 111 inrtallui gical pi ik rssiii^, tlir inipiii iiirs srpai ai ril fi oin inohrn iiirial ilui in^ i rfin 
mg in I'Hiilri liiin.iirs. tiu nonionihiistiblr ash whuh has iraihrd liisiun irin|)i laiiii rs 

Slop oil: \ genrial triin in oil iHiiiingapphing iniiainp ml ilisihaigr h>thL oiK slsmi dm 
mg shiildouii and staiiiip iii ihrmigh ahiiciim.il iiprialinti 

Sludge volume index- \n iiixcist mrasiiir cil sliigi [linsits 

Slurry: \ watri cuntaiiimg a high iciiu t iiiialinii id siisprndt-d siilirls, UKuallv iivri 'lOflD 

Smell- MidiLii slag in ilu pulp iiiiIusim iIil imiking iIiliiiiijIs ia]ipiil linni llu ii iii\ii\ 
ImuIlm as iiioltrn inairnal anil dissiilxcd in llu siiirli lank as giriii li(|iuii 

Soda ash: \ iimimim ssatri ttiaiiiig iluiniial snclium lailMmali 

Sodium absorption ration (SAR). In nugatimi Nxaui. a 11laiioiislup IilIuhu sinliiiin .md 
h.irdnc'ss iisrcl (n piidui .iictpi.iluliis Ini luiili llu plain .inrl siiil bring inig.iud 

Softening: llu iritnnal nl haidiiiss Uiilcium ,iiul iiiagiu siiini) liniii w.ili i 

Sour water. U.isU v\,iic rs icniiaming in ilndni inis man ilals usii.illi sniliii tmiipmiiHls 

Spore. \ itpiciiliu list nil nr srcil nt aig.u hnigi m pinin/n.i 

Stability index: Vn cnipiiital rnorlihiaiion id ihi sainiaiiiMi iiuIlx iistil in|Mtdiii si.ding m 
Loriosisr lindriiiirs in uairi svsuiriis 

Siickwater: llu distillau piodiiiril m ilir looking id rnrat oi in Llu iinclrimg id lai .iiul 
SI I aps 

Stiff-Davts index. \ii inikx iisiil in pirdiii llu siabilii\ ol hiaikish ss.iiiis, suih as tlmsi 
iisril III ualri Hooding 

Stoichiometric. I h< latioid ilu niii.il suhsianirs leading iii uairr lliai i iiiii spnmls in ihi ii 
lumhming uriglus m llu iluMjtitiial iluiiiiial MMitinn 

Stokes* law: \n rxpicssion Ini laliiilalmg ihr lair of fall of paiiiiks ilitoiigh a fluid kisiul 
on dcmsitic's. \isfosii\, and paiiiih si/t 

Superheater. \ liiai rxiliaiigii Imatcil m a liiinaci innuirasr llu ti mpriaiiiii id sirani 
Irasing llu hniU i diurii 

Supemate: J ht lirpiid nvrrhiiig llu sludge la>ci in a si'dimmiaiinn \rssrl 

Surfactant: \ sijifair ai inr agriit, usiiaih an oig.inii lornpoiind uliosi iiiidi (iilrs i oiiMiii 
a JndiophiliL gioup al oiir mil and a lipophilic gioiip al ihr nilu'i 

Synergism- 1 he conihniLd ai non ol srvrial ihriiiicals winih piodiii rs an rllLil gicMin th.iii 
lIu' additur rHctls id rarh 

Tailings: Ihr irsiilur from sc*|iaiaiii>ii id useful salurs fiorn an ii r 

Thermocline: Ihr layri in a lake dnidiiig the np|>ri, c iii i rnl-mixrrl /onr, iiom llu lool 
lower sragnani /onr 

Threshold treatment: flic lonliol rd sc.dr in diposiis by apphtalion ol sub slnuliioiiirlii( 
dosage lil irrainiriu chrmii al 

Transpiration: Rrspiralioii cd plains 

Tuherculation: A loiinsion piiK.rss ihal pioduirs haid iiiourids of (oiiosion pinduits on 
the nirlal surface, increasing I nr lion and rrdiuiiig How m .1 wain disiiibution syslrin 

Turbidity: A siisimisuiii id linr pailicirs dial idisc tiirs hghi lavs bill rcH|iiii rs man) ifavs foi 
brilnnrnialioii liriausr id llir small parliilr si/r 

Turnover: Ihr mixing of lowei and iipfiri layris in a lakr m spring and J.dl laiisrd by irm- 
l>eiatuie and density equali/arion 
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USDA: lliiitt^il Sltitfs nL*|).iitiiic*rit nl A^iiLulriiit* 

USCS: I nurd Suiirs Cirnliif^K.d Siiixn, l)r|iailiniMii nl ihr IniL-iioi 

Ventun; \ [lr\iii‘ Ini iiirjsiiiin^ fluid lliiiv, shin I i iiiiir siiiirrdL'd 

nil ihr sjinr axis h\ a lniif> dnrii^in^ (niir I Ins di'viii is alsii usLd in s(iiihhin(; 

Watrrfloodtng: \ piiHrss nl dispLiLing ml linni ijndrif(iiiiind ii>i ni.iLinns uiih w.iin and 
UMiirnin^ U in llu* suilau fni iiinvin 

Wrir: \ spillo\t'i fItMU used in iiitasiiir nt iniiliiil ivalLM linu 

White liquor, i rinkin^ lii|iini linin iln kiali |iiilpin^ pincrss pindiut'd li\ iri.msin i/ing 
I'lrrii lii|iini wilh Iiiiil 

White water: I hr Idiralc limn .1 papri i>i iMXud Inimin^ niailnnc usiialK irisilrd Inr 
dinsil\ innlinl 

Yield I hi itili id pi ndiii linn nl i.iki linin a diuatri in^ drMi c 

Zeta potential I hi difhiiiiu iii\nli.i^i hrluiin llir sui laii nl ihi ddhisrlasri sun mind 
in^ a inllnidal pailiili and llu hulk lii|iiid luMind 




Appendix 


SIGN CONVENTIONS IN ELECTROCHEMISTRY 

111 1 i'pi L'sriitiii^ ('liMlf ikIii'iiiiuiI |iiiucsscs, all hall-iL‘ll ilmi lions (lliosc i cat lions 
iliat ociiii .11 iMih (liilioilc) aic wiilltn as i lmIui non leaitioiis, ihiis 

N.I ^ + p —♦ \a / — - '2 7 I \olts 

I -> Ic / - on \olls 

I \\v aildilinii of uIllIi oils lo ihi* svsU-iii slioiilil l>i^ slumii on flu li fl sicIl' of the 
iLMction ilefinilion these ai e cathorlu iiairmns iliIulLioii aJ\\a>s oiLiiis at 
the lalhotle anil oxiil.iiion al the aiioile 

111 the eleiliol>tu irll, the anorli ma\ he shown wilh a niiiius ihai};e, and the 
lalhode with a positne ihai|ie When tin hall-iells aie inupled, eleinnns Him 
lioiii the anode ilnoii^h the londuiioi to the laihode 

In eleiii ol\sis, an external soiiice of elcilion flow (a hattei\, icctifiei, oi diiect- 
(iiiieiil ^eneTaloi) is lofineiteil to the half-iells 1 he lialJ-tell iLteivin^ eleiLions 
IS the latliode, IxMaiise that is wheie lations aie lediiierl The lathorle in.iv he 
shown wilh a positise sl^Il, hut I his is uimeLessai\ and ni.i\ he loiiIiisiii}« Wheie a 
hatieiy is used as the diieil lutient soiiue. the nef{ati\e pole oL the haltciy is 
lonneiled to the lalhode, whuh ina\ lead to a loiiimon and eiioneoiis impies- 
sion that the cathode of llu eleitioKtu tell is negatnelv ihaiged In fait, the bat- 
teiy IS ilseJI an eleitiol)tir cell, and its ne^atise pole is the anode of that cell and is 
SLippl)iiifr elections tf> the lalhode of the cell being electioh/ed 

(aiiilusion is avoided by noting the liall-Lell leaitions In'ing studied and identi- 
lying the cathode as that surface wheie leduction is occuiiing, with the anode 
being that suiface wheie oxidation is ucilining. 



TABLE A 1 Engllah/Mstnc Conversions 


tn^lish uiiil 

Muliiplii fl h\ 

1 tpials M( MU iiiiii 

\4its ’ihO It ) 

|hlO .11 IIS si| nil) 

0 iOi 

lUii 111s (h 1) 

\ii(. lul (aiit h) 

(hi] ir il nit Ji) 

IJII 

( iiliif nuius (in') 

Bai 1 1 1 thhh ln|iiiil 
\\2 t^aMihh 

0 Ih 

111' 

Biiiish ihciin il uiiiis ihint 

0 J )J! 

kiliii ilmus (ki il) 

Hill Ih 

II ‘i ih 

ki il k^ (1 il 1^1 

Km 111 si| Il 

2 h'l 

ki il 111 111 

( iihu ktl lit') 

JS \2 

1 Ilf IS (1) 

\\ ill 11 H O hj 1 Ihsi 


1 1 1 IIMH) ml limn 1 Ml 

(1 111 It 1 IS ^ ill 

1) Oisi 

1 Lihu iiiL (t 1 s nil ) 

( ulllf lic.1 |H1 SilfYllll fils) 

1 7 

in linn 

(Ills U‘l ^,pinl 

J ri - III 

111 ll IV 

Kihiinlitii ill 1^11 IS (1 ) 

1) Tih 

( C Kills ill )^|| ( s (1 1* 

[ ihsiiluli /11 u Ihl) 1 


1 ihsuhili /L 1 II 27 ' ( 

111 0 R iiikiiii) 


rii II kthiii) 

Uti (Ji) 

10 IS 

C 1 niinn ti i s |i nil 

(1 II 11 () (1 III |1SI) 

n m 1 

Ml 0 1 s hill 

1 11 1 1 SI 1 firirl (Il SI ( 1 

0 III » 

III Sll 

Cl illiiiis (^al) 

1 7s 1 

Inns ll) 

(1 ){il H O h ITp 111) 

0 OOIT'I 

111* 

(7 Kii/iu In 

1 7s )< 10 * 

111 

1>illniis pir iniiuiii (ifpiii) 

|liM^ ^p^l 1 iiit;fl) 

“i 1 1 

111* ll i\ 

f;pni/s(| It 

10 h 

1 mill nr 

Il gplll/Sf| Il 1 tl ill 111111) 

1 Oh 

1 111 IIIIII 


OOlOh 

iiiViniii III 


0 OlOh 

III IIIIII 

(■laiiis pt 1 Killiiii l(’pi>) 

(1 KPK 1" 1 inK/l) 

17 J 

Milliji’i mis pt 1 liK 1 liii^/li 

Hoistpoisii (lip) 

0 7lh 

Kiliiw ills (kvs) 

liiilus (in ) 

2 "il 

( 4 iitinn M rs (t ni) 

Mils (0 001 III ) 

21 1 

Mil ions (10 " 111 ) 

Miles 

1 hi 

KiliinicuIS (km) 

Million gallriiis il iil\ (111^0) 

mi 

niVdas 

(Ij 9^ f^pin 1 iii^rl) 

2h2 

iTi'/iiim 

Ounus (o/) 

1 

K 

Ouiius (niiirj) 

20 h 

Millililtis (ml) 

Pounds (Ih) 

0 I'll 

Kilo^i.ims (kf;) 

Pounds fieriubii loot (lli/ft’) 

I'lM) 

(iiains (g) 

0 01 h 

|(/iiii' 


If} 02 

kf(/m' 



AppwidDi A-3 


TABLE A1 EngliBh/MotrIc ConveralDnB (CpntlfiUBrf) 


l'll|)r||sll urill 

Miilliplii ll l)\ 

1 i|ii<ils Miiiii unit 

I'oiiiuls pi r si|u,ni null (psi) 

D IlhK 

Aiinospluits (atm) oi Kais 

(1 psi J tl ll II ()| 

701 

kn/ni 


0 0701 

k);/t III 


■)! 7 

mill ll|; 

Sl|ll IK 1(11 (ll ) 

0 O'll 

m 

Si|ii 111 iri( III s (111 1 

ij l-iJ 

L III 

Si{u III mill s (sij ini) 

Jlill 

ll 1 (111 1 1 11 1 s) 

linis loiiL. II 

lOlh 


Ions slioi I (1 slimi) 

0 «»07 

1 mis (I) 

Ions III Rl ll l^L 1 ilioii 
llJ DIM) Km 111) 

1021 

ki ll/ill 

N oris 

0 01 1 1 

11 


* \\*\ II iii|H I tiuii 1 i)n\i I MOHS (I 0')’> I C 


TABLE A 2 Meinc PrsfiHea 


nil ^1 (M) 

10' 

milh (in) 

10 * 

kiln ik) 

10' 

mulo ifi) 

10 ' 

(Uii (ll) 

10 ‘ 

II iiin ( 11 ) 

10 * 

1 1IlLi (t ) 

10 

pno (p) 

10 ' 





* Effectne equi\alc'nt weight ot coinmerLial prcniiut 
+ Effecine pqui\akm weight based on Laid Hi ciuilen' 




TABLE A-4b BslActliig Plp« Bto tor Water Byatema 


Kang^ nf flim 

Pl]M Sl/L (sid ISI ) 

VcliMiis langL 

III ad Inss 

gal/min 

in 

fiys 

fi 

1 2 

_ _ 

1 2 

2 10 

2 "i 

*1 

1 1 

2 10 

1 0 

1 

Ml 1 >1 

2 10 

H 10 

IN 

17 10 

2 10 

12 10 

1' 

10 17 

2 10 

2) II 

2 

2 4 j 1 

2 10 

IK H'l 

2N 

2 1 1 7 

2 10 

b 1 1 lO 

1 

2 0 b , 

2 10 

110 110 

1 

1 1 7 M 

2 10 

240 i70 

1 

10 0 1 

2 10 

100 020 

h 

1 1 10 4 

2 10 

HOO 1100 

H 

1 1 K 1 

j , 

1 100 2 400 

10 

> 7 0 K 

2 > 

2100 1700 

12 

hi 10 0 

2 1 


h isi (1 nil Int Hun ril nl 1 fH) 

Mill 111 iiL Inss IS pistil 111 ItM nt vs lU i 100 It nl pipe In iniivtii In psi fl nl 
vs 111 I J 1 psi 


TABLE A-4b Uaahil Formula! lor EaHmallng Capoclly of Water Dlalrlbutlon Byatama 

1 \(liKii\ (li s) ihniij^h sittl |iipi 

g pm 

V 0 11 ^ ^piii pipi ill nil \d III nil Ins) 0 11'^ 

a 

2 Fill linn Inssi s (in fi ti nl u iii i) ihiniifj^h sii lI pipi 

(rj) Fiiilinii Un^lh (/ ) pi|U liii^lh (It) + (xli i Ini linings 

I Ml i li ii^ih Ini linings 

^ lU V live (MX pipe si/i {d) 

t llinvs 2 7 V pipt si/( 

sicIl nude I U i 2 t llxivss 

^Inlu \ iKt ‘i I Ihovv s 

IXAMIII 1 slim III liiiiiuii UriKih (/I III i ilisiiilniiiiin s>suiii having H'iO ll nl 4 
pi|K vsiili 1 gall V ilvLS iiicl IOiIImiws 

i Idiglh nl pipi )50 It pi]H 

■1 ) > (M X I b 

+ 10 X 2 7 ^ ♦ lOK 

(ih4 li inlal 


(/>) XppiitMiiiaU 111 ad loss cliu in liiclinti (//) 

H 0 1 (gpiii) {d) |i 100) 

ixAMrii- Fsliniaii ilu ht irl Inss lli migli ihi svsum ihnvt it 2^i0 gpm 

H 0 1 (2'70) /(F) X (hbl 100) 

0 1 (Ii2 ^00 1021) X hhl 
-0 I V bl X bbl 41 It 
41/2 1 17 7 psi 

1 llnrstpcmir lui pimipiiig (IIP) 

IIP = ( gpni) X 111 ad Ins s 
1%0 X tHiiii riL> 

irXAMPir Fsrimatt iht hmsipnwii riqiiiitd h\ iln* ibnsi s>sttm using i pump 
having dll Lfliiiemy nl H'l'r 


S%0 X 0 


VsL a ^ hp mnini tn drist ihis pump 





Index 


rfiMOlplItlll SMUll^MIS 

Kas 41 5 
mriviiii; lud 41 (i 

pjtktil limri (paikrH Ih'iI) 41 "j in 41 b 
L( A |if^ luihulrnl (iiniail absorlM'i) 

(%» al\ti sirublM'i'i nri panic si riihlN’Ts, 

Si. 

and Imsi iiaiiiciiis swairi i iHidiliiHiinf; 13 I l«i 

13 7 

Ubic 13 2 

and pickling. 32 17 m 32 18 
ai idity 

ion excbaiigi. *2 17 lo 12 1*1 
kinds of, 4-10 

atidily-alkaliml) i rlaiicinship, 4-4 lo 4-7 4-11 
6 18 in 6-l>) 

•niivdird sludgr piix.pss, hiiilngKal irratnirni 
sysiem. 23‘R lu 23-11 
adeiiiismt? liiphosphair (A I P) 43 14 
adsorpunn. 3-1*1 to 3 16, 10 1 
III rnllnids, 17-1 
granules, 17 2 

lun rxrhaiigr resms, 17 0 in 17 10 
pH conn 111, l7-'j 
powdci, 17-2 
of siliia, 17-10 If) 17-12 
slurry sysiems. 17-10 lii 17-11 
aeiatinn 

alplia faiiiii deteiminalion, uble, 10*4 
binrhrniiral nxirialion. 16-2 
biologMal treatmcni sysirm, 2S-M, 2S-11 
diAuscr equipmrnl, IS-*! lo 16-7 
equipment sire and BOD relauonsbip, 16-7 to 
16-B 


at idiion If imt ) 

tnt'chaiiism iil 16 2 
uasieviali i ireaunenl, labk* 16 1 
arialiii iapabiliLies, labli 16-7 
aeiobii luilina, 43 18 
ipnibu digeslrrs 23 M 30 28 
aeiuscils fi»i iiialicin 41 2 
an I nndilionmg svsiems 

abstiipiinn lefngeiaiion units, 37 'i 37 7 
lull ate/nil nu inhihiiois, 37 0 
laliium urbonale, scab priHrLtion, 37-10 
cenliilu^al lomprt'ssni uinis, 37-') 

Lliiiniial skater lieaimini, 37 M 37 10 
chi ornate inhibilors 37 
inirosiim tunlnil, 37-H in 37 10 
rlhylene glycol antifrcLzc.. 57-0 
lithium bromide lelngerant. 37-*), 37-7 
murnbial Fouling 37-8 37-0 
mil all I educing bacieria, 37-') 
leiipioiaiing lompressoi units. 37-*) 
scale conn ol, 37-8. 37 10 
siillale-rcduLiiig bacirna, 37 0 
i»alef-i iHilud, 37 4 to 37 8 
isatei baldness eHeti. 57-7 in 37 8 
aii-flolaiiDn clarihcis. 9-13 
air-Hotatinn systems 9-17 to 9-18 
an pollution innliol, aulomalive indusiiy, 26-2 
(irr tdio pollution cunlrnl) 
air washers, 55-*) lu 33-8 
fire also scrubbers) 

Albeniarlr Sound, 2-6 
alcohol, wastes conieni, 26-8 
algae. 5-6, 5-7, 22-3, 22-15 
Lontrol, table, 22-2 



2 liidva 

algdcr (f ont ) 

grnwih phu^phaits relitionship 6 Ifi 
oHijr rpldtifinship Uibic 5 b 
dlkilinii\ 39 24 

l)iLiiibi»iidli.s 4-7 lo 4 M 6 4 
bnikr^ IS 19 4h m 39 47 
(auMit uhlt 4 b 
disiiihulion r>( 4-H iri 4 M 
h>diuxvl 4 11) 

inn ixihangt 12 14 in 12 1 i 
kiiiik r>f 4 10 

limr snlliiimg pi (miss 10 2 in 10 1 1 
i(*duLii(>n piiNi» tabU 39 0 
snunes nl 4-7 In 4 H 

^Ikhubar Saudi Ai iliia II ish i v ipni ilnrs IB 7 

ilkslarinii 31 0 in 31 10 

all vnldlik iiiaiiTKnl ( W I) 34-lb 

alum hvdifilvsis 1 1 4 

alum niiiiul iLiurr 26 t in 26-b 

alumini iKdvris 29 I 

ilumiiia ieliiiiii(.s 24 I in 24 2 

iluminiim 

liauxitt niiniiig 24 1 
Basil piiMLss 24-1 In 24 J 24-4 in 24- i 
niLlal labiii jlinn 24-7 in 24-H 
niiiiiiig 24- I 

icrluiliiiri piiKtss 24-1 in 24-7 
sfiluhililv nf 6 IJ 

Anifrii 111 Ppiirikum Insiiiuii lAPl) siinriards 
43 7 43 10 43 \2 
tmints muiiali/irig 39 4b to 39 4* 
imiiiniiia 34-1 2 
digasikiaiinn piiNcss 14-H 
siHigc pi ml I film 111 bO 
siilubilit\ Ilf 6-H II 6 10 
anai riibiL bacli ria 30 24 
air (oiidiiirininR sssicms 37 0 
ilnsindia 43 IH 

drsullimbiiij iksulfiu-ins 41 IB 
{ktf aisf uruifT iiiiirnlMil) 
anal uibir diKrsiirm 23 11 in 21 I'i 
jiiKin pxi h ingr 

priMPss II bncmi nis 12 21 l 12 24 
iisin f vilualinn Libk 12 4i 
annul rxihingirs 12 fi in 12 H 
lablrs 12 24 12 21 
aniniiif pnkmtrs BH 
antirid/c 37 0 

AFHASiandiid MeihmU lasti iiid imIoi innlrnl 
17 4 

API lAmrrican Pdinlrum InsliiuU) simdaids 
43 7 43 10 43 12 
API gravily 43 1 in 43 2 
aqualu invironnitnl chcmistiy 5 2 in 5 4 
aqualu iirgariisms 

nrganii mallLi 6 h in 6 7 
umpcraiuit 3 I tn 5 2 
aquifrr^ 2 10 In 2 11 

ArkaiiMi hauxile pimibung in 24-1 in 24-2 
arnmaiiLS waiu^ conirni 2^8 
ancHM solubility nf 6 12 
axM mhly planis 
waiter 25 lb 
watrr lur 25 11 in 25 lb 
aioniit absoipuon spccirmiupy 7 21 tu 7 22 
{tff oho under nuckar) 
atoms molec uln relalinnship 5 3 
automntivp and rnachmrry induitry 25-4 in 25-1 
foundry operaunns 25 1 to 25 4 


iuinmnlivf. and macliiiKiy iiidusli> tml ) 
(Ilk w jstes 11 10 In 11 14 
pails (Ifailing 25 1 in 25 7 
plaiing HasKs 25 10 tn 25 12 
sianiping npcniioiis 25 0 in 25 10 
Shall I usi 21 I in 25 lb 
{\tf ri/ir muhining planis) 
luloliiiphs 1 2 

AV 1 (aO snlalik lii time ill) 54-Lb 


biiliTia 5 b In 1 H 

II inbu 43 18 

III f undiiinning 47 0 
lilKinhii (wf iiuinbii biiuiij) 

liiningii ll di^(sliiiii I f liinIngK il iJigi sii in) 
Bf)!) It SIS 23 I |[ 23 2 21 b i i 21 7 23 10 in 
25 12 

inniinl in ml lu Id u ilt i ip« i iiiniis 41 IK 
11 tsinii ll 111 III Mali I ( H( I IS 43 I 1 I 43 I I 

43 r 

Liii qisulaiinn 22 

|i,iimih p mil ns 23 4 1 I 23 > 

iiiiliisin-il M isir M(iiiiniii 23^ 

IK n di posiiiiis 22 2li 22 4 22 li 44 IK 
mi ill Is SI 11 s 22 1* 
luliifii ilinii iL iilinii 22 2 22 
slinii k riniiif^ ( f slmii f rriiiii|k, b n li i ii) 
in slufl^l 23 1 In 23 2 
suit lU ikUkiiii^ 22 » i(» 22 s 
It iiqM 1 iiuii iiul 12 
ll ill nuliu Ills 1 ll 23 b 
baiiuiii SI lubiliis nf 6 14 
biiiuin sulf Ills 111 111 fiilil wall I 43 1 i 
bisi mi I ll indusliii s 29 b Ir 29 11 
liasii iiu 1 ils iiidusirs nils wislisin II 11 
bisit xvgin fuitiKi rHl)!*) 32 i i( 32 K 32 17 
gtssfiublms 41 17 In 41 10 
Silk pi libk ms 41 10 
Imsii nxvhdi pi MISS fl4(lP) 32 i in 32 H 
basins 2 b 

Balsiri N | iinii di pnsils iii 6 2 
B luxili Aik 

alummuin piiMluilinii 24-1 
Bivpi pKMiss 24-1 III 24-2 24-4 tn 24-1 
lialixitr mdustiv 
ilummuin 24 1 

inniiniiiius (riiiiiiLii mil 111 di i niilaiinii 
(f I D) 24-2 24-4 
tvapnrilnrs 18 b 
impoi IS 24 2 
mine lal Iparhuig 29 0 
npen pii mining 24-1 
nil ithnimmi 14-2 In 24 4 
pnifrssmg 24-1 tn 24-4 
ss III ruse 24-1 in 24-4 
Bayrr priMCss 24-1 in 24-2 24-4 tn 24 1 
brti sugar industry 

b« ggiatna liai Ipria 45 1H 
bt ll hitrr pre ss 9 4 4 in 9 41 
evaporators IB b 

beverage industry wairr icmsumpiioii in 28 4 
28-6 in 20 8 

biiarbonau alkalinity 4 7 in 4 0 6-3 
Inik hrmii al nxidatinn arraimn rquipmtnl lot 
16-2 

biiNhrmual nxygtn di mand (BOD) 4 10 to 4 22 
25 I in 25 2 23 5 in 23 7 25 10 in 25 12 
25 6 26 B 50 7 50 27 57 2 37 4 



indBH 3 


bmcidrs. 3B-22 lo SB-2S 
lauiiniL 22- tn 22 14 
monuxidi7ing, 22-12 
hioIngiLal dignUDii 
acmbif, 23-1 
anarrobir laKticm, 23-13 
bailrna, 23-1 Lo 23- lb 

timri. 23 I*! Ill 23-16 
lai uliauvE- IdKiMin, 23-1 
land iingaiinn, 23 l^i 
sludge piriduf tiiiti, 23 '1 m 23-10 
biological Itcatmrril s\slrni 

activali'd sludge pnxess, 23 0 in 23 11 
arraird sysLriiis. 23-1, 23 11 
aeiiibii digestL'rs, 23-1. 30-2R 
iM'nih u sling. 23 li in 23-7 23-Hi 
sludge ac f limaii/aliiin, 23-b lo 23-7 
23 1 

liiikling hliiMS, 23 11 tn 23-12 23 14 
bi(is> f I thesis elenienis lequiied Im 5 i 
Blark Mes.i. N(>sada 29 1(1 
blast luinace, 32 l^i 

icHiling iciweis 32 4 in 32-1 
cxhaiiM gas niMtnieni, 32-4 to 32-1 
gas sciuhiM'is, 41 17 In 41 H 
o|M:iatiLnis, 32-1 in 52 4 
sciublici ssatiM, 32 4 
slag, 32-1, 32-17 
sieini use, 32 1 
sleel pinduiiuiii. 32 11 

blcaihing, ( KHtll, in pulp anil papei inilusii>, 
30-12 In 30 II 

bloHdiosti 

alkaliniiv and, 39-21 
Ixiilei 39 17 to 39-21 
utiliT> sysieins, efilueiii eilerts, 40 1 
wall I solids loiilinl by, 39 IH in 39 II 
B4)n (iff bicMhemiial oxygen drm.inil) 

HI>F hff' Imsii oxsgrii hinuie) 
bnilei plains 
HOIJ irals, 39 41 
( 4)1) tests 39-41 
indusiiial. 39 IH In 39-11 
1(H lesls, 39-41 

bnibi ssalL‘1 

iheniisiiy 34-11 In 34-10 

loniiiil liniils. lablr, 39 20 39 21 

iinpuiitif's, 39-17 

lieatmeiii, 39-1 in 39-14 

tuU- design, 39-26 lo 39 27 39-10. 39-11 

use. 34.7 

X-ta> diftiaiiion analysis, 39-12, 39-14 
iMMlers 

alkaliniiy in, 13-9. 39-30 in 39-37 
blowdown in, 39-17 in 39-21 
lairyover pinblems in, 39-5, 39-11 
ration lonriuiuvilv ninniloiiiig. 34-17 
rhemiial analysis, 39-1 In 39-2, 39-52 
ihemual water treaimeni, 37-3 
lonmunion matenals. 34-12 
contaminanis in, 34-lb to 34-17. 39-lb 
tooling water, 34-12 
corriMion ((«> lorrminn, bculei) 
ronuxiiin lontiol, 37-3 
deposit analysis, 39-52 
design III, 39^1. 39-24 in 39-26, 39-36 
drum, 34-7 to 34-0, 34-14, 54-16. 34-19, 39-20, 
59-2R to 39-29. 59-35 to 39-36 
elrctni, 37-3 lo 37-4 


boilrrs (Coni ) 

rxirmal iieatment (ier external boilci 
tieaimrnt) 

li‘edwaiL-r, 39-1, 39-4. 39-15, 39-17, 39-19 In 
39-21, 59-32 
foaming. 37-3 to 37-4 
lorted iirtulation, 3B-2H. 39-17 
heat tiansler, 39-2. 39 11 
high pressure, 39-2, 39-11 
hydrogen damage, 34-lb 
hydiogen generatin*! 34-10 In 34-11 
iiiiermediate prussuie, 39-lb 
kiaft, 41-11 
lay up methods. 39-37 
loss rlistiibutitm. talili, 39-32 
makeup walri, 39 19 
table, 39-b 

meialliigraphii siiuriuie 39-12 to 39-13 
iiaiinal ciiculatiiiii, 39 27 In 59-2H 
once thinugh. 34 14. 39-28 
oxygen liiiiosuiii. 39 lb lo 39-17 
papei mill 39-20 
pH level 34-17.39-11 
process heal. 31-1, 51 11 
It sill pnlisheis, 34 11 to 34-14 
sail f omenlration, 34-11 
scale iniilml, 37 1 to 37-4 39 1 39-4, 39-11 
siliia 34-17 
uible, 39-10 

sludgi. 39 2. 39 t. 39 11 
table 39 2 

siNlium nioniLoiing, 3417 
scKlium phosphates pH lelaiionship, 3414 to 
3411 

steam, 37-1 lo 37 1 

eleLlni powei, 341 m 341 347 to 34 0 
geneialoi design, 39-24 to 39-20 
ciuality 39 28 lo 39 29 
slriictiJial lailure, 39 12 In 39-11 
sysieni siirsey, 39-IH in 39-14 
lempi'Tatui I'-riepnsits lelaiionship. 39-2 to 39-.1 
iiiatnienl, makeup pi ih esses 39-6 rn 39-8 
39-12 

unisersal piissure buileis, 348 
boiling waiei rratturs (HWR), 344, 34b. 34R 
Lonf1en>ale polishing, 3420 
loiinsicm innliiil, 3419 
diiini Ivoiler lompanson, 3419 
opetaiions. 3419 

HOP (basil nxygim pnxess) 32 1 in S2-H 
bniate, sea water loiiteni, 6 10 
Bosinii, Mass . muniiipal waiei, 2-b 
biass cniiosiiHi 20-2 
biomide, sea waiei (iinleni, 6-14 
Brnwnian moliuii, 17-J 
B:>&W, 11-10 
biillei, 4-8 

BWR (trr iMiilmg wall I leaitois) 


I alnum 

Lhelation ol, 3-17 

baldness lomponent, 41, 6-3, 39-21 
lime softening'. 16-3 lo 10-7 
solubility of, 412 In 413. 416 
threshold Iieatment ol, 3-17 
iallium rarbnnatr 
dll innditionmg systems, 37-10 
lltnr KTiffemnlf III-9 tit IH 1 lll-li In I 



4 Indsi 


lakium tarbon^lt (f m/) 
inaiblir mt 4-1S 
muhtulai HU|;hi 3 ) 
ml htld w-itri 45 1^ 
solubiliiy 111 3 4 3-11 in 3 M 4 11 to 
4 li 

ralcium ihlonilL 54-17 

lalaum ^ulfatt nil firld Mdiii 43 fi 

( aliliiinia pipi method 7 8 tn 7 10 7 14 

LainiLfus desiriptiim nl nulhml in 28 

carhc)h>drates 4-7 

tarbnn 

activated tor organic loiiitoI 17 Y in 17 I 
17 8 til 17 9 

bcHler deposits 39 2 to 39 1 
caibciii oclt 6-mtij8-2l) 
c irhon dioxide. 2 1 ^ 4-7 ici 4 8 
loiiosiim b> 39 44 in 39 4'S 
■III field waiLt 43 17 
ml riv.rvriiis 43 IJ 
sic im c.i]uipmtni cniiosii ii In 39 40 
surluc Haters cnnreni 6 JO 
Hell u litr Iunitni 6 Jl 
tarhon lilitrc 17 ^ (o 17 7 
ciibonaits table 3 H 
laulvsts 

and 31 O to 31 10 
peirnltum trfiiiiiig 31 8 
caialvue reforming 31 H in 31 10 
I anon exihangcrs 12 J 

iiid re gene ration 12 17 in 12 JO 
hcjilers 34-17 
liiiiu ngeneratiin 12 M 
rounienurrtiii regent larion 12 JO to 12 JI 
uble 12 JO 
se-ltttmtv of 12 4 
lahli 12 1 
eatifin nsin 

evaluation ut sivrent suiroiiii icid ivpc uble 
12 44 

performaniL iil table 12 IM 
eaunmi birxidts 22 13 m 22 II 
c itinmi pol>mrrs 8 (i 8 7 
rausuc alkalinity table 4 h 
cauttif rmbiittkmLiii ctrrss coirusicjn i rat king 
20 10 

f FHFD bleaching in pulp and papci indiislrv 
30 1*J to 30 17 
reninlugation 
basket 9 29 
take solids 9 Sfi 
irniraic quality 9 33 
cJirmical rondiUomng 9 34 In 9 34 
dmrattnng 9 30 to 9 4b 
duk 9 28 

emulsion breakers 11 8 
pool depth 9 34 lo 9 33 
recovery 9 35 
iludge How 9 33 
yield 9 55 

ehelauon 3 17 m 3-lH 39 13 39 3b 
chemical industn 26-1 lo 26-5 26-7 
Lhemical plant timdrnsait Min exchange 
system for trraUng 36-14 39 17 
cooling water 36 16 to 38 17 39-20 
environmenul effects 26-b 26-8 
pmduLU uble X6-2 
pulping 90-3 51M» 30 4 
water treatment chemicals A 4 to A 5 


ihemiLal industry (t tnU ) 
wale r use table. 26 3 

ehemiLal iixsgen demand (( OD) 4 IM lo 4 22 
23 I III 23 J 25 b in 23 7 26 H 30 7 
bmiri plants 39-49 
petioleum ithnerv prcKtsscs 31 7 
C liieago 111 sc wage 11 rat me III plant 56-90156-10 
Lhluiidi 6 4 in 6 5 

thlnndi: innii iilialion cell lonosinn 20 10 

t him maud phenols 22 14 

chloniialioii 148 22 7 55 1 36-b 38-JJ 

ihliinnt lalilt 22 10 

chloiiiu demand 22 10 

ihiomalL 1 iirrosion I iinii111 38 19ii 38 JO 

cliiifiiIS 41 I I 

f lean I3aiii Ail (FL 9J 500) 36-J to 36-4 
closed iicvtliiig svsleiiis SB 7 in 38 8 
coigulinis piopeiiiis of i ibli 8 fi 
iiiigulciinii 8 1 111 8 I 4 II 1 II 11 1 
loil hi 1 li pnwc I pi nils 34 J7 In 34 JH 
toil iiiiiusiiv 

I nkt in milt H lure 27 I 
dr w 111 I mg 29 4 lo 29 i 
fioth Hot iiion 29 *4 
h\riroc\iliini s 29*4 
processing 29 4 n 29 h 
shtkiiig 1 lilies 29 \ 
w isiiiiig ii|Kt iliiiiis 29 4 lo 29 I 

I mU see IS 117 

cobalt 34-H 

f 014 (we rhtmn il oxvgi n deni mil) 

I kt 32 J 

biiiliigiial lieIImini 27 H lo 27 M 
blavi linn II i use 27 I 
bv priMluLl reioMiv 27 J lo 27 1 
niinulaiiuic ol 27 1 
plint i»|M ralion 27 2 27 5 ut 27 H 
tiuirnhing w iiii 27 8 lo 27 M 
wditi pcilluimn riiniiril 27 8 
w cic I use 27 4 If 27 9 
colli tolling mills 

rime thiough systc ni 32 15 
iLciriuliiing sysicni 32 1 4 lo 32 14 
watei use 32 18 to 32 15 
colltiliiin of water samples 7 I 
rollnids 

absorpuon ol 17 1 
aggliimn anon of 8 4 to 9 4 
colloidal fine IS 8-2 lo 8-3 
eoUoidal systems 3 7 
hydrophilK 17 1 
hvdrophnbit 17 1 
organic compounds 4 18 to 4-J2 
polyeleftrnlytLS 8 b li> 8 8 
usti and odor lontrol 17 2 to 17 4 
reta pcittnual 8 3 
f olur 6 b 8-8 
table 4-20 

C nlorado Rivi 2 2 to 2 3 42 1 42 6 42 9 
impoundmc ni of 2 b 
lablr 2 4 

( olumbia River impounderntni nf 2 b 
cnmpirxrs 3 12 3 13 
uMueniraiinn cell emrunun 20 5 tu 20 7 
1 ondrnsate. 

hliratHin of 39 49 to SB 50 
iieutndiaing treatments J9^3b tn 39-47 
polishing 34-14 
steam a^ysis 39-50 



I finilrnsaie {fjont ) 

stedm ei|uipmi‘nl. 39-43 in 39-44 
rniiflpnsiTS 

Imi iimrlTii, 31-IS 
hawL types. 34-22 

iiinilt'iisei MMilinK ualei 34 20 to 34 27 
heal rraiisiei systems, 39-2 
|>etinleuni iiulusliy irhneiies. 31 'i in 31 h 
MaleiMflr staling and fouling ril. 34-21 In 
34 22 
i iinduiuon 

ek'tlfiial innduiLiviiv. 4 17 
heat iiaiislei bs, 39-3 
Iimduiiivily, l-\. 1-4 
triiiiiaie v^aier (ml field brine), 2 1 I 
labk. 2 11 

( nniieiiiMil Kisei, organii tiialtei in table 4-20 
1 tiriliiiunus lasting. 32-H, 32 11 
I nniiiiuiius I ouiiU ‘11 uiriiii di iiniLaliini (liauxite 
iiidiisir>) 24-2. 24-i 
((ins ei Sinn tables A 2 tn A \ 

I (Miliiig laki s 34 23 
I (Hilirig ponds 34-23 41 I'l 
moling ss stems 
data 39 I 'i 
lonling. 39 7 
iiiduMis 22 11 111 22 1'i 
isaUi lliiu tabk. 34-24 

r iMiling insseis, 21 2, 23 1 ^ to 23 lb 32 1 In 32 i 
34-24 to 34-2b 39 H 41 1 i 
aiilNifrii iinpuniies, 37 H in 37 0 
blasi luiiiaie, 23 1 lo 23 'i 
as (niiihinatinii binlillei anil aiiis.ited sliiilgt 
ssstrm 23 lb 
flui gas SI lubbei s. 41 19 
lotted draft 39 1 'i In 39 lb 
gas. 41 I 

induied diali, 39 Iti 
industrial usi. 23 lb 
iiiei haiiK al diafi, 39 14 in 39 lb 
naiuial draft. 39 14 
opc‘ii leiiii iilating sysuni 39-9 
texiik mills, 33 'i 
I iMiling Mai el. 54- 17 

liainmrini loiidensei, 31-13 
blowdowii, 34-24 
Iroileis. 34-12 

cnnienlialinn ratios, table, 39 13 
londensris. 34-20 to 34-27 
londuiiioii heal tianslei. 39-1 tn 38 lb 
iiilegialed steel mill, table, 32-2 
mat Inning plants. 25-b to 23-7 
mmeial drptrsiis. 38-4 lo 39 *> 
milling and inineial inriusiries, 29-10 
riucleai-luelrd plants. 34-20 i«i 34-27 
une-ihinugh systems, 59-2, 38 'i 
open reiiriulauiig systems. 39-2 
plant effluent, 38-10 
retIII iilaiing. 58-10 to 39 21 
steam eifuipmriil, 39-3H in 39 30 
steam luibme, 34-1 

steel industry (ler steel indtisliy, imiliiig Main 
use) 

fni thermal iracliing process, 31-7 
variables, ubie, 39-21 

milling waiei ihemi&lrv, 39-16 tn 39-17, 39-20 
LfNiling water systems 
lorrnsion rnniiol, 39-19 tn 38-21 
miriobial tuntml, 21-14 In 22-I'l 


tiNiling watei systems {f ant ) 
pH level. 39-19 tn 39-21 
lefitierv demand, 31-11 lo 31-12 
ihieshiilH eflLMi, 38-20 
liealment and tonlrnl, 38-lb iri 59-10 
[able, 39-22 

([Nilmg uater lenipi'iature 39-4 
4 (Mirdinated plinsphatev, 39 I 'i 
cupper, 6>14, 29-b, 34-12 
triiinsiiiii, 20 I in 20-24 34 0 
dll I on dimming systems. 37-H to 37-10 
an washeis, 39UH 

Imiler, 34-0 to 34-11, 34-14, 37-4 to 37-4, 39-4 
to 39-^ 39-3bti)39:47 

brass, 20-2 

HWK uperatinns, 34-10 
t at bon dinxide, 39-44 to 39-4'r 
tausiit embiittlerneni. 20-10 
theriiiial treatment. 30-l» 

I blonde tom eriiiaiinri tell, 20 10 
tnatings against 20 lb 
I tinierilraiinn iHI. 20 ^ tn 20 7 
lonliiil. 35 4 37 9 tn 37-10, 59-10 id 38-21 
ciaiking 20-0 to 20-10 
definitioii nl, 20 I 
lit /iniihr alum 20 M, 20 I'l 
flissolM.d gases effiMt 20-8 
dissolved solids effrci, 20 7 
tliiniesiii (lap) Mdlei use 37-0 in 37-10 
dutlik gouging. 34 10 to 34-11 
ciiisioii 20 n. 20-1'i 
iaiigUL Liaiking 20 II 
galvaiiiL, 20 4 in 20-'i 
labli 20 "1 

heat tiansfei system. 39-9 
inipiiigeinent attai k 20-11. 20 14 
mhibirion nf, 20-14 

inhibiinis nl 34 22 SB 10. 45-17 in 43-1H 
theniii.il 20-H> 

Lible 20 17 
■ii|riiinii Mjiei. 43-19 
insulation 20 1 b 
irngalinn sysrt ms 42-2 
iiialiiials lesistariti 2D 14 
measurements. 20-20 in 20 24 
iiiniiilonng systems, 20 20 to 20-24 
nut leal-fueled plants, 34-22 
ml held isaiei 43 11 lo 43-14. 43 17 
onie through systems 34-22 in 34-23, 39-'j 
oxygen 39 1 39 lb in 39 17, 39 44 to 39-4.1 
polan/atiiin-depolanMlitm 20-4 
pi eveniitm, 34-11 

pingram evaluatiun, 39 47 ro 39 49 
PWK steam geneialors, 54-18 
rales, 20-2 tn 29-3 
scHlium hvili oxide, 34-10 
steam pi m ess ri|uipmeiii, 59-.10 
sii^el. 20 - 2 . 20-8 
lenipeiaiuie effeii, 20-8 
fuheitulatinn 20-11 in 20 12 
Mali'i i|ualiiy, 55-3 
isel srrubbeis. 41-1 
/eiilile sofleiieis, 57 10 
tollon, 33-3. 33-4 
an washers. SS 1 
finishing pi CH esses, 53-1 lo 33-2 
siring, 33 1 

i ountrn urreiil i egrneraUiin, irm exihange 
system, 12-2') lo 12-27 
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LTOpS 

imifaticin 42 1 tr) 42 2 
saliiiitv tiiU ram l ubli 42 b 
(trr ttLo siiil) 

iivslal miidiricaiiim 58 ti 
n inidt itmmal in miui i [iiiditiniiiiig 19 7 
scpaiatni>» 9 41i tn 9 47 41 m 
tvlindti maihinr 50 J 4 50 24 
i\lindLr tLM uaui i lanhiaiinii 8 H m 8 11 


DAV (iFr rlissriKiil iii llutaliinO 
Ualtcjii slaw 14-1 in 14-J 

lla^lnna Bcaih Fli hiiit ihinrii iisIil** I ihli 
55 10 

dc-f^a&ifiialinn 

amninnia il 14-H 

ihemical iinnival 14-7 ui 14 H 
diair'itinK hi alt i 14-H 
ill* jrbfinitiir 14-7 
dt j^asihiatmn designs 14 1 in 14 fi 
snipping 14-) III 14-h 
Dtliwaii Rivii iiinull nl table 2 
delasnl Lokiiig pifNiss 51 7 
dpminpraliz4tirin 12 ^ 12 21 in 12 21 
lablps 12 24 12 )1 

drmisters mi mum iii stptiaints) 41 1 » 
dtriatuialinn 22 i 
di posits 

analssis 21 ^ Uj 21 i 59 i2 
lablt 41 14 
appcaianiL 21 1 
lonirnl 21 7 lo 21 II 
nil milllalinn 21 ) in 21 h 
layers 21 ^ 
snuices 21 1 in 21 2 
lieaimiiii cnnliol 21 ^ in 21 11 
di sailing 11 in 

dtsulfrivibnn rUsulliit ms 45 IH 
diwalpring 

belt hlipr piLSs 9 41 In 9 1^ 
icninlugatinn 9 10 in 9 4b 
iirnnifugc design vanablis 9 11 tn 9 11 
dicing bt ds 9 4*1 in 9 4b 
iipiraMniiil variables 9 11 lu 9 15 
plait and Traine pri ss 9 42 m 9 41 
sludge prrNessing 9 10 in 9 46 55 10 41 15 
solid boss I iLiitnfugi 9 10 
system evaluaiinn 9 15 lo 9 lb 
vaiuum hliraiiiin vaiuum liliiaLinn) 
dezincihratirin 20 15 20 15 
dialysis 15 1 in 15 5 

diainmaienus larfh hlitis brr scpiuni lilurs) 
differential piessure miasurrmciils 
Hfjw rales 7 2 
rrilometfr 7 17 6 
ihin platt unfit t 7 2 m 7 1 
ventun tube 7 2 in 7 1 7 h 
disscKiation lun&lanis table 5 lb 4-5 
dissolved air Hnuiion (DAF) 9 25 in 9 28 11 b 
11 lOtn 11 11 
dissolved gases 
c nrreisicin 20 8 
LangelKi Index 4 lb lo 4 17 
oil rexervoirs 45 12 in 45 15 
dissolved wibds 
Lorrosinn 20 8 
Ublc 99 12 


tlissoIvLd solids (C on/) 
lasii iclauimship 6 H 
drimislii (tip) u itn 57 0 m 57 10 
dunking warn siaiidaids 
inpiKi iniic eiiliaunns 6 14 
Hiinndi i nimnl 6 11 
le id mini niialiniis 6 15 
niirali i nni trill alinns 6 11 
1 ibh 55 2 

Uiiilcl III ilih I)iganizaiinn labli 55 1 
dium limit rs ImhIiis dium) 
di\iiig lulls sliidgi ill s^aimiig 9 li in 9 4b 
dust mnlinl 

diisl 1 ill III IS 41 15 

iiiinin^ mil inintial mduslis 29 1 

I mb iiusL 4 H 

11)1 A (tlhsliin rli iiriini iLiiidiiiii iiirl) 3 17 

39 I \ 

I llluLiils 40 I in 40 12 
l>ij|l t nisI iriilusLrs 40 1 
snijtit s 40 I II 40 2 
si iiid II ds 36 2 li 3b 1 
1 iIiIl 50 2H 

lb mil ImhIiis 57 1 in 57 1 
fbiiiii (uriiiii piiNLss 32 H 52 10 52 17 
i it t Him hniiisli \ i iiiivi iiinins A I 
ilciiindiilssis 15 5 In 15 h 
I It ilinlvtis 5 4 In 5 i 
inni/ ilinii nf lalili 5 1 5 
I b 111 nmniist suits J r m 5 b 19 2 19 > 
libli 9 fi 

I b itrnii mil t nsr n|N iriir^s clispirsivi inilvsis 
I \ ii> riDW) 21 h 
ibilinsUilii pieiipitilnr 41 M 41 JO 
I b mi Ills 

biiisvrillitsis II quirt fill nis 5 1 
I hi mir il i 5 
ilistrihulinii in I ii th 4 H 
I f# nb tprfi/i I II 1111 III) 
imulsilsmg igiiits uhlt 11 1 
irriulsinii hri ikirs 
latiiinii artion 111 
iiriiTilugilinn 11 R 
I hr mu il irtaimtiil 11 H 
loigulmis 11 4 If j 11 5 
HiNiulilinn 115 
nrgaiiii 115 
ivpcs table 11 > 
imulsicms 11 I in 11 II 
hydriH irUin prill I Hsing infliistiy 11 10 
ml in watt i 111 
ri siiluiion 11 1 In 11 4 
souiiis 110 
siabiliiy 11 1 mil 1 
wall I in ml 11 7 In 11 H 
energy [oiivtisinn 54-2 to 54-1 
tncigv sivings walti in ultali/aiinn in iimini 
15 7 In 15 10 

enirainniint siparainis (dimisiiis) 41 15 
Fnvirnnmtnlal PrnUilinn Aginiy (FFA) 55 2 

40 1 40 4 

enzymts barirria rtlalirmships 5 2 in 5 1 
ti|uilihrium innstaril 5 14 Hi 5 15 
iriMrin inriosinn 20 11 20 15 
esiuary water quality 2 b 
tthylcncdiaminetetraantn aud (FDIA) 5 17 
59 15 
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puiTivphiLrfiiiin 5 

evdpui IIKill piinds 34-in 34-24 
e\ ipiiraiiiis 

diuni mdiiiiluiui r 26 

biuxilt induslry 18 b 

btEl indusli> IB b 

I uridiiisalKm 18 “I tii 18 'i 

dtsi^n 111 18 2 III 18 4 

Hash use 111 Middli Fast 18 H 

hi It II insff 1 s)siLni 38 2 in 38-1 

inu mil III iimi III t iiniTiil l ihli 18'i 

Middli 1: isi 18 H 

iTiiilli|ili lIIllI units 18 'i III 18 

piLiif iimini Iiiiiinils iiblt 18 i 

pulp iiulijstis IN I III 18(1 

1 iils« isii 18 H 

sill iHifis 18 2 

SiudiAiibii 18 7 

M lit 1 111 iimi 111 18 ] 

Lxhiusi ^is lu unuiii 32 1 in 32 1 
t xiiiii il liiiili 1 III iiiiuiil 39 ii 39 12 J9 lb 


I ilifiiiii LI 1 kin>, I HI isi n 20 11 
kiiJi 1 il l)iinkiii|^ 111 I Si mil lids 6 7 

ki ill 111 Pmii ( inimisMiin N ill m il V wii 
Shims IH71I 34 1 

III ills 111 I I ill I I biiiliis bitluilir) 

II i ills ill 1 hi III IS 39 IK 
fi I dn III 1 \>gi n 34 I ^ 
li t du til I |]I1 34-12 

silh 1 I Hill III! nil 11 39 2(1 
SI I im 111 I Hill 39 17 
irm|NMluii 39 22 
utiliis 34-12 

liliniii^ inhibilnis i iindi ns lU s>sitms 39 4 7 
hill IS 9 4H 23 II I 23 12 23 11 33 11 
\ n al pi i/i hill I) 
hill III II 

IhU filu puss 9 42 U 9 1i 
hill I pi i ss 9 12 
fi,! nml II nil di I 9 1H l i 9 M 
inmibiiiii sipiiiliiiii 15 1 in 13 1 
niiiliimi di 1 hill i In ds 9 21 
pnssdiif d 11 sin 12 H) 
s« plum hill IS 9 21 II 9 21 
vicuiiiti fill! I 9 1b III 9 42 
lltint 1 mission s|M IIIiisiiips 7 21 
HiMiuliiiiin 8 1 in 8 M 29 9 
I jlinii 8 4 

ippliid 11 sis 8 H 111 8 II 
chtmiL ils us« 8 4 in 8 b 
iiniilsHin bicrtktis 113 
sludKi 36 12 
lliildlinn 

sludf^c 36 II in 36 12 
Ihiiki miiK by 9 23 in 9 2H 
llnw rails 

impel agf 11 iditigs 7 3 

riiHLiiniiil pitssuii mi isuiiminis 7 2 

displiiinii nl mticrs 7 1 In 7 2 

inilnscd niiliic dcviir 7 3 

flow iiozzIls 7 2 io 7 3 

Huoromtlirs 7 3 

inagnLiiL Him mitri 7 4 7 7 

opiii pipe disihaigis 7 0 to 7 11 7 11 

Parshall Huiiirs 7 7 tii 7 8 7 11 7 12 

piLoi lube 7 3 7 7 


flow r Ills (f md ) 

pnssuii charges 7 2 
lotamiiit 7 1 
11 III! ui|iiiion 7 4 7 H 
luibint mitirs 7 2 
wasli waiei 7 6 to 7 11 
I ibk 7 H 
will I miins 7 I 

Hui gis desuirurizalion (I C>D) 34-26 lu 34-2M 

lluoncli i oiii 1 nil alums 6-11 

fluoionuiMs 7 I 

I'/M laiiii 23 4 23 9 1 ) 23 11 

10 lining bode I 37 1 lo 37 4 
FinnI md Drug All 19(lb 28 1 

I ood iiid Drug Admiiiisti ilion (FDA) 28 1 
IinmI pKNfssing indusliy 
FDA riguliiions 28 1 
iiiK wasli s 1111 
simiiinm 28 b 28 6 
w iiir 1 oiisuinpiioii 28 I in 28 2 
table 28 2 

(iff jfi tiuils iiid sigLlabks iiit it md poulliv 
industi V) 

11 III d ill ih fin 41 I ^ 

t iimiiioii w iiFis tnilysis nblt* 43 11 
I ssil fill U d uidiis Simons 34 4 
I out iniin nils uihli 34-1(1 
w 111 1 thi misirv 34 9 ri 34-17 
loiihiig 37 H 37 9 SB 3 1 1 38 7 38 21 lo 38 22 
41 \ 

tabk 38 22 
If ulmg indi \ 13 H 
1 uiidis 

nil inioijve induslry 23 1 i 25 1 
i ist 11 m 27 1 

iiikt (Hr loki) 

n|N I 1IIOI1S 25 1 lo 25 4 

wisitwaiti 23 4 

1 luidiiniii maLhini 30 21 i 30 22 

lush w III 1 

subsiirliit 2 lU 
supply 2 7 II 2 H 

iiiitiniiii wiili aiialion i i|uipiiii ni lb I in 

16 I 

lush wile I lish iim|NiiluiL 5J 

I iiundhih isoihirm 3 Ih 

II uh llolilion 29 1 
fiuiis mil sigel ililis 

BOD 28 9 
iinninis 28 9 
wilLi usi 28 H ID 28 11 
liitigi 5 b 5 7 22 2 22 4 in 22 » 22 11 

gilsinii loiiiision 20 4 in 20 i 
sainhiid aniNlis 20 IB 
I dill 20 3 

gas ionizing 4 Ui in 4 17 
gis ibsoiplioii siiuNkis 41 3 

(rr alw ibsoipLiiin siiubbiis sirubbirs 

luihulrni iimlaii ahsoriMt wet pailiik 
seiubbcis wcl seiuNxis) 
gis ihrnmalogi tphy (1>C ) 7 11 lo 7 12 
gas LiNiling towns 41 13 
gas [|uenihiIS 41 13 
gas rehtil system 41 13 
gassiruhbiis 41 lb to 41 19 
gi& solubiliiy 14-1 111 14-2 16 2 
Ubic 9 16 



B liKtoi 

gds tr^niftr pniiiiplti 16 ii Ui 16-4 
ffdsuliiit piitducUnn 51 8 
gauging; (tff flni^ rairs) 
tiram ( hnsiian 2Z 

giavity ilaiifiraiiiin slud^i 9 *1 9 lu9 9 J7 
gravity Llanhirs 

fliMiulalinn Mparalms 9 R 9 11 
Huu panel II umiiiil 9 7 Ld 9 12 
plain Mthmt niaiitjn 9 4 ici 9 ^ 

'iludgL bldiikti uiiii 9 b tu 9 11 
miIhJs iimiaii unit 9 b 
biiai ULts 2 7 ii) Z H 2 111 
giicn liquiii piiKtssing 50 9 
Omiivillt SC inuniiipil wnLi Zb 
gnmndMaUi i%asttHaui 11ii«% 40 2 
griiundwfMKl pulp 50 4 
bull ( iMSi 40 1 
(wulC Slit ini 2 I 


harduLss 4 1 
htal lapaiilv 1112 
heal fxfhiiigd 38 2 39 CH l i 19 19 
design ol 56 1 
dciulik pipi 38 2 38 4 
ptiluinianii ilaia Labli 38 IH 
(v/^ fl/i/ lundcnscrs i > i|mii itr»is hi it li iiisli i 
svslenis) 

he il innslM svsit ms 
htnlris 59 2 39 IS 
lalciiim (iilMiiiriU Mali SB b 
lU iiiiiig piiMtduii 58 19 
rinse (I rime ul iliiig sysli nis 38 7 in 38 H 
[riiidinsiis 38 2 
rondiliiiii ril ir|uipnuiil 38 IM 
nmduitinn 38 \ in 38 4 
cniilTril niiiliiNls 38 17 
ciNiling H111 r 38 1 In 38 lb 
I i\sial nufIti 38 b 
ii|M II 11 (lie ul iiing sysums 38 H 
riNVgin inirnsum 58 H 
K suits mniiiumng 58 17 
sleain giruialinn 39 17 rn 39 IH 
wi I miuIiIm is 41 1 
htaung systems 37 I 37 4 
heavy iiiLials 

prtiipiiaiinn 10 12 in 10 18 
pii iipildiiun beiiih lisis 10 I"! in 10 lb 
He III) s I au 14-1 to 14-1 
hinriereiJ se tiling 9 1 in 9 4 9 b 
bidding Lime iiielix (II11) idculatinn 38 II In 
58 n 

hullandti beam 50 2h 
hnt mill 1 idling npcialiiui 32 11 tn 32 12 
Humlmldi C iiiient 2 I 
humu and 3 17 6 6 
liydraulu mining 29 I in 29 2 
{sff alio mining and miniials industry) 
hydrarmr pH cnirtilion in beiilris 39 43 
hydriMarbim prncLssing indusiiy II 10 
hydriNyilnnes 29 1 
hydrrigen 

biHlirs damagiri by 54-11) to 34 11 54- lb 
pioduelinn of 39 50 tii 39 51 
hydrogra hnndiiig 1 I tn 1 1 
hydnigen inmpnunds 31 9 
hydriigcn lyilr cxihangc. 12 13 In 12 21 
hydrogen fulb dr 49-12 45 17 


hydiidiigiL lyck 2 I 

hydtnliealing fumdcuni ithntr> 91 10 

hydiiixidth uldi 5 M 

hyiliiix>l urn Lniiieniratinn 4 5 lo 4 b 


impingi nil lit tiiaek laviiaiiiiii 20 H 20 15 
inipiiigi iiu lit SLiubbiis (irr liirbulrnt iniitail 
aliMubtr) 

impumii s I 111 e Is 3 1 in 3 4 4-1 2 in 4 M 
iiiduitd diafi Ian 41 15 
industrial pi nils 

bnilers iiuig) Inss 39 10 
I nnL-iimnants sampling iiialysis 40 5 
i iNdiiig time IS 23 lb 
i fHiii nts 40 1 
sill SIS 40 ^ in 40 4 

\s 4 sii ilisihnges inn innsiilui ills 6 1H 
i\ isii III iirmm 40 I in 40 4 
uasiiuiiti h IIIII la 111 unit III 23 2 
iiL I III lime 111 23 2 
uatii UM r niiM IV ilinn 40 > 
iiidustis 

iliiminiirii m mill It till t In iliiiniiiuni) 
lUlnitinllvi (irr lUlniiinlivi iiid ill li billing 
iiiduslis III 11 hilling pi nils) 

hisr mil jIs 29 Ci lii 29 11 
hiiixiii (wr biuxiii iiulusiis) 

1m 1 1 siigii (irr Ik (I sugii iiirlusiiy) 

Imsi I igi 28 1 28 b in 28 H 
limb I pi ml (to IhiiUi pUnls) 

I hi mil il ( o (III mil il indusliv) 
rnti 29 I In 29 b 
inke iMr i nki) 

iHluiiil disfhiigis Iwr i Him ills) 
tiiiulsinll sniiii (s II') 

IrNMl piiMissiiig (tn IinmI piiNissiiig miliisiiv) 
hulls ind vigilihlts (trr liuiLs mil vigil ihks) 
hydiiM iihnii pifNissiiig 11 10 
inn txr hinge i i|Uipiiii nl 12 ') In 12 M 
me 11 and pimliry (so me ii ind |Miultr) 
indusiiv) 

mining niil mini i ils (so mining mil iiiiiii lals 
iiiilustiy) 

miiiiitipd wisti III iliiiini 36-H 

nxidalinn iidiiitinii II inidiis 19 \ 

piper nulls (in papii nulls) 

pciifN III mil il 26 5 III 26 7 

pilinlium (trr pilrnli um mdusiiy) 

pulp and P«I|KI (sre pulp iiieJ paper iiidusiiy) 

r iw ss islt yvatt i lahk 40 fi 

riluKiy sciui wall r siiippei I ilili 14 4 

steel (in sterl mdusliy) 

siigai 26 2 in 28 4 

tfxtilr (in li xtik mdusliy) 

UM [fifdiiig syslims (tn iiNdmg waiei 
systems) 

walLi usi lahk 2 Ih 
iiihaicd spcelrnsinpy 7 28 in 7 10 
mhilMUii s 

air iiiiiililiomrig systems 37 M 
anndii/iaihiMlii 20 17 
fuirminn (irr iniinsiiin iiihihitnis nl) 
him fiitidrnsau sysitms 39 47 
nrganii filmrrs 20 IH 
iri)Lilinn water 
torriisinn inhibiiiiis 43 18 
oil helds 45 8 III 49 9 
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inniganit aiulyaH 

auimii abwirpbnn ^peiti os opy 7 21 ic> 7 22 
Hamr tmissmii sptiiroscopy 7 24 
mn M-Irctive t Ircinidps 7 21 
miLniscnpi iiihniqurs 7 2*1 
oputiil rmiasiiin aptitroip-aphy 7 22 in 7 21 
scanninfir tlMtrnn miLrnscopy 7 2^ In 7 27 
tranamisainn tlcLtnin miri nsi npy 7 25 
visible and ulliivinitl spciIruphotiinietry 7 25 
X ny Huorescenrp and difliiilinn 7 25 In 
7 21 

inltrnd boiler titatment 99 15 in 39 17 
ion rhcmislry 3 5 
ion exi haiigc 5 15 Ui 5 17 
alk limits 12 14 in 12 15 
aiiinii txLhanf^MS 12 0 in 12 9 
fapiiity saiiaiiLe 12 2^ in 12 51 
I limn ixihatifpi 12 2 12 4 n 12 i 
Lommcirial applii iiinii 12 7 In 12 H 
riesifpi imprnvf menls 12 H in 12 10 
t (tiucm neuiiali/iiiiiii 12 10 
I quipimiil 12 0 111 12 M 

t vilii iiinii lablts 12 5b in 12 17 
flfins mil diinf iisiniis Libli 12 1 i 
mn LXiliingL risins 

iiij^anii iinmvil 17 M m 17 10 
IMrlniiiiiiiLi Lvalualmii 12 20 in 12 17 
It nipt r iluiL limiltlions 34-1 1 in 34 11 
inn txihaiige sssuni 

ihtniif il pi ml lundinsiiL iiiairntnl 39 14 
39 17 

innlinunus 12 27 in 12 2H 
inuiiii II uiM 111 1(^1 111 r iiinii 12 25 in 12 27 
IMiUflcicrl 11 sms 12 27 In 12 10 
isii III iimi III 12 25 
inn LXihiiif(iTs 12 1 in 12 5 
innschiiivf tliilinrles 7 21 
mil stli I lisiis labb 12 5 
iniiii si I instil Laliiililinn labW 4 15 
11 nil 

iNciiiif lui m M III 1 6 11 

siiluhilils 6 4 6 5 

I Linns il 10 15 12 4 19 b 

II ittinn Hith ssiUi 19 2 34 10 
connsiiin 20 1 

fill 29 n 

piiiduriinn 32 1 In 32 10 
iron dt |Misilitif( liaLifiia (iinn df pnsiinis) 22 2 
In 22 i 22 15 43 19 

null makini; pi miss blast lumui 92 I In 32 4 
iniKatmn sysliins 42 2 
iin^aUnti walei 42 1 in 42 2 42 H in 42 0 
labk 42 B 

|el iLsi Hairi (latiliLaiiun 6 8 in 6 11 
krafi boilri 41 19 

kiall piiKLSs 30 7 in 30 0 30 IB in 30 10 
30 2H 

Uke Baikal Siberia 2 7 in 2 8 

1 aki I ne 2 8 

Lake Miihif^an 2 8 

Lake (Intann 2 8 

l^kt Supeiini 2 8 

kikra 

analyses 2 8 
nrculauon 2 0 lo 2 10 


lakea (f uni) 

rIaaufiLalion 2 *1 
[ ompoaitiuii 2 8 
habitata 5 9 to 5 11 
manganese innrcntraiirin 6 16 
leseivriiis 2 7 in 2 0 
Il iiipf laluic sanalinn 2 10 
ihcimiNline 2 0 
(mi alto iprnfir laki) 

iangeliei Index 4-11 tn 4-17 29 8 42 5 42 b 
42 8 

It id 

dunking wairr standards 6 15 
ficsh watii LnnlLnl 6 14 
liniL sofltning 

alkalinity 10 2t[ilDll 

laliium laibnnati 10 2 lo 10 J 10 b to 10 0 
high linipii tiuiLs 10 9 lo 10 10 
piecipitatinn ID 2 to 10 11 
siliia iiniovil 17 5 17 10 
liquid thiomaingr iphy (L( ) 7 29 7 11 
liihium 6 J 5 

lilhium binmide soluUnn rtfrigeiant in 37 5 
37 7 

lilhium hydiuxide fni pH loniinl 34-18 
loss nn igniuon (I Ol) 4-|0 to 4-21 
lublMxk Itxas st^agi liealniLiil plant 42 1 

muhining plants 

lUlomniiVL iJiiluslr> 25 4 in 25 ^ 
rnniing Main 25 b in 25 7 
punt spray bfuiths 25 7 lu 25 0 
riss MasiLS tible 25 b 
M istesv ilei 25 h 
inagnt sium 

hardness inmpnnint 6 5 tn b h 38-21 
lime sufiLnmg 10 1 to 10 7 
Miliibility 4 12 in 4 11 
migiitsium ihlnnde 34-17 
magm hr IIom nirtc i 7 4 7 7 
minginLse 

lakt iimieni b lb 

iinmval in m ilii i nniJiiinning 19 b 
sniiihilily b 15 
niiiiiil inuring 
iliim 26 5 In 26 b 
fliLiniials 26- I lu 26 4 
sfuiiuni lilt uni 111 26 5 in 26 b 
ssiiihi 111 lublxT 26 b In 26 7 
H 111 I use 26 2 26 5 to 26-b 
Maibir lest 4 11 
mass specif nmetei (MS) 7 52 
mill and poultiy industiy 
BOD 26 11 tn2B 12 
hidr s 20 11 

miai processing 28 10 to 20 14 
nily wastes 1115 
pnulliy piiicLssiiig 20 11 lo 28 12 
(mt aL\n fond processing induslrv) 
membrini scpiratinn 
dialysis 15 5 tn 15 n 
1 11 itiodialysis 15 5 in 15 6 
blliatinn 15-1 to 15 5 
revel se nsmims 15 6 lu 15 8 
tables 15 10 
water punhiation 15 1 
Mtndeleev Dniiiii 5 1 
metal fabrication aluminum 24-7 tn 24-8 



10 Indsa 

niLihdtu 6-1^ to 6 20 

Mriiopoliiin SdiiiUtiiin llisinil of C^iejici 
(hiLdgii III (MSm.() 36 0 to 36-10 
miLiolie iiiminl 
ihimii^l 43 IH 
r»niosis 22 b 

pioceduies 22 14 iii 22 1 1 
ladiatiim 22 b 
suirartjnis lHllIs 22 b 
Hrairr ukiIiuk s>sUms 22 II lo 22 1 i 

niiiicdx f^roulli 

rtitniicdl tailors 22 7 
Lliloiiiit LfiLiib 22 7 III 22 12 
miiistuit t fftiis 22 h 
oxidizinf^ bifHuhs 22 7 to 22 12 
ph>siLal laitois 22 'i lo 22 (i 
sludtcL 23 2 

tcmptraiiiii i fleets 22 i in 22 (i 
miiiolMal ailiviiv 30 2^ 
micfohial anahsts 5h 
induslis 5 b 111 ^ H 
fiape I mill 30 2 ^ 
ii«itiulatiii|c LiMilinK isiiii 5 8 
nser uali i 5 7 to 5 8 
MdslL til itmtni disihar^t 5 UJ 
niiiiiiliial loiiiiul 

(hiiiiii il lit-iini(.iil 36 22 in 38 21 
uattr irialiiitiil pnntsscs 22 1 in 22 2 
[\rf at\i} iniiioliit biiltiii) 
niiirnhul fiuilmK m m LonrlilioniiiL svslrnis 
37 6 37 0 
mil Tool nanisms 
alKit (itr ilgae) 
bactLiia (ut hacitna) 

I tiliiioph>ll cHi iis 22 0 

fuiifp (Wf luii^i) 

palltnis 23 I In 23 > 
piiilii/»a 22 2 
iiIjIi 22 2 

Haiti c Fiviioiinirnt 22 2 
microscope 7 2^ in 7 27 
micrfislraiiiiiiK 9 I in 9 2 3 4 
mint 1 il «tidii> table 4 b 
miiiiial sc alts 

pciriiltum proiluilinn 43 M in 43 17 
Hatci dismbuiioii sestims 43 14 
miniials 

LuolinK Hairi dt posits 38 4 to 38 i 
(firioftion pifNess 4 IH 
lounlc n uifi Ml dciantitinn 23 3 
Itaihin^ 29 3 in 29 10 
(i#r o^iri xpfTifif mintial) 
mininK 24-1 

mining and minerals mdusiiy 
aqueous solutinns 29 3 
LiMjling waiti 29 10 
[opper piiMOssing 29 b 29 H 
dusi inntiol 29 I 
flnttulaniA 29 3 
hydiaulit mining 29 I lo 29 2 
iron me processing 29 b 
Itad 71IM prottsung 29 b 
mineral kaihing 29 3 In 29 10 
fitt prucrsving walti use 29 1 
prentss vliam 29 3 
slope mining 29 \ 
sludge 29 3 
blurry [tef slurry) 


milling and minerals industry (f tnii) 
uiilings 29 1 29 10 
undcigiouiid Hubi loniiol 29 I 
Hiltr usL 29 1 to 29 11 
net milling optiaiions 29 1 
Mississippi Kivci 

niganii tiuilint 6 ti in 6 7 
H 111 1 iiialysis table 4 2 
Mohlman Indtx 23 H 
moving lxli ilisoipliiiii SI lublx I 41 h 
|wr eiAr ilisoiption siiublx is simbbcis 

iiifbuli Ml fiinlMl ibsoilxi uti piiiiili 
SCIuIiImIS Htl MlllblKlS) 
miiniii|Ml St Hage plant 

iiliviuci slueigt use 23 10 
inifinbii digisiir ust 23 M 21 I i 
iiiunii ipd H III I 
Huston M iss 2 li 
l ILC nvilli SI 2 fi 
Nlh Not k C il\ 2 b 
inuiuiip illlli s 

IlllltlStl I ll H ISll S 11 I Jtllll III J6 8 
H isii H III 1 II1 III11I 111 36 11 I 1 36 M 
H iiei supple 35 I I I 35 I I 

Nilioiiii Polliilinii Disihiigi I liniiii iiiiiii 
Sssn m (NPI)I S) 23 H 36 2 
lit Lit I ll sulbii St mu hi mil il |\SS( j pi miss 

3D 7 30 11 30 18 
iituii ili/iiig imiius 49 Jb in 39 17 
NtH \nik I il\ iiiiiiiiiipd H III I 2 h 
Nllgllllills H 111 I I ll ll UlMISlllS Illlli 

45 11 
mil lies 

rJjinking H III I si mil lids 6 4 
pill oil uiii iihiiiiig piiMiss 31 7 
SI H igi pi ml I Him III 6 11 
niiiilii iiion rli niiiiliLaiion 
bull iia 22 2 22 ’ 

SI H igr III Illlli III 3b 4 lo 4b s 
Jiiiiiliitiiutlii iiid(NIA) 39 1 i 
iiiliogiii 111 KWR fi|Hialinns 34-13 
niLiogi II 1 >ik 6 3 6 22 
nuik 11 fill licl pi inis 

iiMilmg Halil 34-20 lo 34 27 
ciirifisioii inhihilors 34 22 
Halil (htinisriv 34-18 to 34-20 
niiikii magiicLif risoiiinii (NMK) 7 23 7 II 
nutli ar |Miwc 1 plants waste Hate i 34-10 
iiuclrai pitssuri/iil h iiei itiiliiis (PWK) 

34-4 34-b 34-8 

■ Mean wains lomposilinn of tables 2 7 
odor (irr lastts aiiil fidoi loniiol) 

<»doi soul I IS lablt 17 2 
oil Ixaiing itscivoii 43 2 to 43 4 43 b 43 8 
43 12 lo 43 11 

ml htld bnnt (w tonnali waltr) 
oil bilcl wall I 

batlena loniiol 43 18 

bailrria rtsponsibk frii foirosion piohlimv 
43 14 Ui43 14 
hanum sulfate 43 15 
lieggiatoa baciena 43 16 
lalrium tarbciiialc 43 15 
caluum sulfate 43 15 
larbnn dioxide 43 17 
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nil fit'ld watti {i ant) 

corrcnion in disinbulnm b) stems 45 17 Ui 

45 18 

iiirtminn inhibiiurs 45 17 in 45 1H 
dissnived ^isis 45 IJ in 45 M 
hyriingcn sulhdi ioitimiiiti 45 17 
iron liaiuiia 45 IH 
iniiiiilMs thtniiial lonliul 45 IH 
oxygin 45 17 
I isiilual ml It sis 45 14 
slinii Inniiiiiiiiii 45 IH 
suspciidtrl siilids 45 111 
MIS 41 111 43 111 

ml III Ills in|(rlinii svatcr L|udil> 41 M 
oil find iJiililv iMiiltrs 54-2H 
ml lormatinri thioi) 45 1 lo 45 1 
oil in Y, III r iniulsinns 11 1 In M 7 
n solution M 4 

sit 1 1 pioduiiiiiii 12 11 lo 52 I 1 
iTialiiiLiil iiiElhcHls 11 ti III M 7 
isit SI lit I III linn 111 114 
oil sv 111 I mil I lai L 114 
niU iiNiliiif^ 111 I 3112 
oilv tsii «s lit IS 11 II) 
nils u 111 I 31 I 

run 1 lliroii^h sssii ms 34-14 38 2 38 i 39 2H 
(K n he mb luiiiait 32 17 
o|xii hiailh piiMiss 32 8 in 12 
open pipt disih'iigis 

( ililoiiiia |ii|N iiiliIiihI 7 H in 7 10 7 11 
lloss I lus 7 0 in 7 II 
open It nil uliling s\Meiii 
I iNilm^ lossii 38 2 38 H 
IS ipoi iiioii piind 18-H 
opi 11 I run ul iiin}i, sssii nis SB H n 18 11 
iipiiial itiiissinri sptiiiiigi iphs 7 22 lo 7 24 
Oi iiigc 1 luiih Siiutiiiiin Llisiiiil ( alif 16 H 
in 36 >) 
tibli 36 >) 
oiganu diiilssis 

gis [hiiimiiiigi iphs (I'C ) 7 41 III 7 12 
inliaitd spe[liosiop> 7 2H ro 7 40 
lii|Uiil ilironiilrigrtph) (i ( ) 7 2*) 7 41 
iiuiUii migiutii nsoninu (NMK) 7 2*1 
7 41 

oigaiiii trinipniiids 3 H 
soliibilii) 4 I*) 111 4 22 
lahlc 3 M III 3 11 
orgatiii hlmirs 20 IH 
nigaiiii maim 

iqiiaiif nigaiusms 6 b 

f niiiii I III 111 Kivc r lablt 4 20 

liiiinii and 6 b 

iions|Niifii tests tabli 4 20 

rimiival in ssatti Linidiiiiiniiig 19 b in 19 7 

iivtis 4 m 

lliiortuc il n laiionships lablt 4 22 
nrgami piil)niiis 8 S m 8 H 
iharaitensiiis Ilf lablt 8H 
nigaiiii remnvil 

inn Lxihangt iisins 17 0 lo 17 10 
risin iLLlamatifin 17 4 
rtsin i[g« ritialioii 17 4 in 17 S 
siliia 17 S in 17 b 17 10 in 17 II 
iiiganiL wastes 

aiiac rnbii digi sLion 25 11 tu 23 11 
bioihtmiLal oxidatinn rc|uipmrni 16-2 
Ublt 26 8 


organn sulfui inmpouiids 22 12 to 22 II 
nigannmeldUiis 22 14 
UnniMO Rivti 2 7 

iitihfiphosphait rniiiisiiin toiitnil 38 19 
osmosis miLinbt. loiitinl 22 b 
osiiiotii piessuie 14 12 
oxidation leduiiioii litdox) 5 7 19 1 to 19 9 
t lei II on trinslii 19 2 lo 19 4 
indusiiial rtLoidtrs 19 4 
ph 19 *1 

oxidation icduilion poltnlial 6 24 
uble 19 4 

oxidizing aginls 19 1 in 19 B 
oxidi/iiig liiiNiiUs 22 7 to 22 12 
OX)gin 34-12 

innosion bv 39 lb li> 39 17 39 44 in 39 41 
siilubiliiy of 6 21 
lablt 16 2 

o\>gfii isili 6 20 10 6 21 
o/iiii iiiiis 22 II tn 22 12 


fiaikiil Inwn Ipitkid bc.d) absoiptinn sciulibitT 
41 >> III 41 b 

(wr ah abstiiptioii sliuIiIh IS stiubixrs 

luiliiilint (onlait ilisoibci sul |iariifli 
sirublKis lAtl strublitis) 
ptiril dfiifkmg wilri use 210 
p lint spi I) IxNiths ss IK 1 use 25 7 to 25 9 
pipe I 

itilaimid (or stioiidars hlier) 
u isii 30 17 
papci mills 

hoilei s>stim 59 20 
oig mo siilhii lonipnunds ust 22 12 
sk lit I svsums 22 lb in 22 IH 
(If ah pulp md pipei indusiis) 
riik Fnitsi 111 isiui Ihiiacteiistiis table 35 9 
Firkti Dim ^ii/oiii 42b 
Piibhall flumes 7 7 lo 7 H 7 11 7 12 
piiiiiuUii I niissiiins 41 2 in 41 4 
pisit uiir iiion 22 1 
pb 19 1 

peiiiKlii eh 111 nl lUnunis 3 1 in 3 4 3 7 
ptinianganait 19 b 19 7 
lililt 4 20 

pe rmt ihiliiy oit i escisou loimilnms 43 b in 

41 M 

|x IIlit hi mu il iiulusiry 26 1 lo 26 7 
pe.iic>Uuin leLdstiHks 31 10 
ptiioltum industis 

piiiduilioii 43 4 111 43 9 
ithmng 31 1 lo 31 14 
isasiLwiUi 31 10 
Halil lerhnnlogv 43 1 in 43 19 
|M li oil urn pi ndut lion 
dulling 43 4 

tnhamid ierovti> 43 4 lo 43 b 
lie^ Halil kniMkoiii (i'WKl)) 43 4 
in|eilinii nalci use 43 8 In 43 9 
miniial sealts 43 14 in 41 M 
ml dthydiaiion 43 4 

sftfindais iiiovri) wattrflrNiding 43 6 in 

43 9 

pH 2 1 4-1 34-12 
adsnipunn piocess 17 1 
aqualu niganisms 5 1 
Unki 34-17 39 11 
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pH (f im/) 

Laustii alka]inii> rrUliiinsliip labk 4-b 
iiMilinK Haitr s\vUms SB 2U to 3B-2I 
hvrliaziiu bfiilci iiealintnl SB 4 1 
lithium h\(lii>xidr Liintrol 54-18 
mineral audits iclaiiiiiiship lahJr 4-b 
pclriiltum iphning 51 7 
ph Lniil rtmiival 19 7 
phospham 34-W m 34-1'i 
afpuullural luiioff 6 1h 
fcMili/ti Z9 M 
phot iis\nthLSIS 2 4 
plair and li iim puss 9 42 in 9 4 I 
plate sriubbcis luilmltni mniail ihsnilMij 
plantinum lal ilvsis 31^1 
polaiizalinn ill |Hilaii/aiinii 20 I 
pollution Lonirnl 

r[|uipniinl frit 28 b 
uasli TIC Him Ill 31 12 
pollutinn viasiitsiiLi diMhaigc 5 Hi m 5 II 
pilsihclinlvics 8 I in 8 H 
pol>mt rs 3 in 3 II 
tables 3 118 8 

poUphosphilt cm rnsicin (I inrrill 38 38 211 

potash minrial kaihiiiK 29 
pcitistium 6 11 29 'I 
poultrs priMissHif; 28 11 tii 28 12 
poude It d rrsins inn t xi li in^^i s\siim 12 27 to 
12 30 

pOWLI t>(.ll 

I nil ops 34-1 
I c un polishr I s 34-M 
till imridvnamii iffi<iiiii> 34-1 to 34 I 
powLi plains mil hrtd 34 27 in 34-2H 
pi rLipitalion 

foiLign Kins 3 12 tn 3 II 
heavy mrials 10 12 in 10 18 
lime sidiLiiing 10 2 to 10 11 
silica 10 lb tn 10 17 
pirssunzcd wain iniior (P\SRl 34-18 
pinicss waicr 31 1 1 40 2 in 40 1 
uMt 30-27 
prniii/oa 5 15 7 
pulp and paper indusin 
aciiibir dif^cslirin 30 28 
bkaihinK 30 12 in 50 l*i 
iLntnlii|{al ilranns 30 21 
ihrniical pulp 30 1 SO-fi 30 B 
lahlt soil 

iliemiials reinveiv 30 b in 30 7 
cvrlone sepaiainrs 9 4b to 9 47 
olmdirr mat hint SO 21 
deikerinf^ prorru 30 13 
cvapnralnrs 18 3 in 18 b 
Fuurdiiniei marhmi 30 21 in 30 22 
grren liqunr pHnessing 30-9 
history nl 30 I 
hnllandc r beauri 30 2b 
inirg[raltrd mill tables 30 29 30 lU 
krali preirru SO 7 In 30 M 
lahle 30 28 

mrchaniial pulp 30 1 ici 30 b 
miLrnbial activity 30-2J 
NSSC prwrss SO 7 30 11 30 18 
prrMtrsh water quality 30 27 
pruduction labli 50 2 
pulp diffcsunn 30 3 30 b tn 50 7 30 9 in 
SO 11 


pulp and papc^i mdusiry (f onl ) 
pulp prcHtssmK 30 9 In 30 11 
scinndai> IiImf 30 3 
sludfSf- 30 20 

Hcani tniilamiiitiiiiii SO 13 
thtimiiiiuihaniial pulping 30 4 in 30 li 
w isiL treatmifil 30 13 30 28 30 111 
w 111 I use 30 1 in 30 4 30 b SO 20 
labk 30 \ 

WLl SCIuhlHTS 41 Ml 
tsu atsi p i|M I nulls) 

I idiitiiin 

mic leilH i mil I 111 22 b 
IS III tihlc 6 21 
ladumutliflt t niilaiiiiii iiinii l ikli 6 21 
I idioiiuilidi s 6 2 I III 6 2 I 
1 iinlall I Hills 2 I II 2 1 2 4 
K mkiiic I \i k 34 1 

I jw w lit I 

i h II K tt risiiis 33 1 
t IfliJi 111 I mill 111 40 1 
siiiiin iiinnll 40 1 
lit aiiiu III 33 1 ti 33 (i 

II at tins wait I usi 2b 2 l i 26 4 

I f I ire ul iliriK i nnliii^ u iit r 38 I 9 m 38 21 
icilaimid p-ipei h( stiniidjis IiIki) 
itdnx hn nxiildlinri It iliK linii) 
itduLiii||{ 1^1 Ills 19 8 
ichnt ni s 

alumina 24 I in 24-2 
pcinilciim (wr |Miinkiiiii itfiiiiis) 
su^al 28 2 in 28 > 
re sin 

iniiin itsin IV dll itimi i ilili 12 
laiiiiri 11 sin ivaluiiinn iihit 12 11 
I iliiin rcsiii |N ilnim trii t i ilik 12 19 
iirf^aim itiiKival 17 1 tn 17 3 17 9 in 17 10 
fMilislic rs 34-11 in 34-11 
It f(t ni F iLinii I mil I rilr ilinii 12 12 In 12 11 
iniulili shiNiiiii^ 12 11 in 12 17 
IIverse nsmnsis 15 8 in 13 9 
iddi 13 111 
r IV 11 s 

alKac I He I Is 2 4 in 2 (i 
ihcmiial pi[i|Klilts 2 2 
dim rffeits 2 3 
diurnal i Hens 2 4 in 2 3 
impnundmi nl 2 b 
inicinbial aiiaUses 5 7 in 5 8 
micrnlHal i niiiiminatinn 21 4 21 b 
uiKanii matirr 4 19 
pnllutinil discliTi 1(1 1 fit Its 2 1 
tidal ifTicis 2 1 In 2 4 
I S map 2 13 
{\rf aLw \penfn iivcr) 
iniamtui 7 H 7 fi 
Rv/nar Inritx 4 14 tn 4 13 29 8 
[sft a2tri Stabilitv liidix) 

Safr Drinking Warn Art (PI 91 321) 55 2 
55 1 

Sami 1 awiencc Rivtr 2 8 

salinity Ifdrranec id imps lablr 42 b 

sampirrs 

aummatii 7 lb 7 19 
Humr 7 IH 
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vampU Pi K f»il ) 
mu iiiIn f ulltiiDi 7 
surtaie u iit i 7 IH 
u isic w iiii 7 Ih 
sampling 

Jiialvllial I nnliril nil ihiids lalili 7 Jl 
ihi I kt iluidifl sihtdiilc I ibit 7 17 
piiriiliU 1 iIh)iiiiii\ 7 IH in 7 211 
jsst ssiiic 111 7 111 

u 111 r sijppiv svstiiiis 7 I f Iri 7 I 

Sill 1)11^11 1 lilt U ill I t tl II II KlIMit *1 t ihii 

15 11 

S iiirli \r ihi I IB 7 
SI alt 

111 I fiiiililifiniii^ s\Mt 111 J7 H 37 II) 

Ih III li II si 1 iblf 23 / 

HDI 41 I I 

ImhUis \si ImhIiis si iIi iniiliiil) 

I ill null i irlHiiuti |ji inIiii mm 3B I IB b 
[ iIliuiii mil III i^iii siiiiii liiirlniss 
11 1 iliniiship JB 21 

li si il 111 III ul iiiii^ s\Mi ms 3B 7 i I IB H 
I nmiiniii i ilili 43 11 
iiihihii MS 111 41 11 U 43 P 
mu I ihinu^li s^sliiiis IB < 
pusiiiiiiMi 111 18 20 43 I 1 1 43 17 
Wll si ILilllM IS 41 I 

SI iiiiiiii|^ I If r 111 II 11111 1 isi I |i\ (SIM) 7 2) lii 
7 2b 

SI 111 niiif^ 9 2 II 4 1 36 I 
SI I uIiIm IS 

ilisnipiinii ( f il>sm|iiimi siiuHmisi 
ili|Misii iniKsis 41 14 II 41 I 
1 li I Itnst till puiipililiii 41 1 I 
^is ilisiiipiinn 41 • 
ii|N I iiinii 41 t II 41 ) 41 M I 41 1 I 
piimli Iiilii1111)11 41 1 ii 412 
suil null Hut >(is 41 12 h 41 M) 
w III I 32 I 

hn ribr nil hull ill mill III ihsnilNi wit 
piriiik sfiuhlnis %sii siruhlHis) 

SL I H III I 

hniiiii I unit III 6 II) 
hiiiiiuilt 1 null 111 6 14 

111 igiii Slum I null nil nil 111 6 b 
SI isnnil luiiiiisii 2 ') in 2 ID 
SI mild II \ hliti 

pulping Dpi I alums 30 \ 
iiiintn 30 17 30 IM 
St riiiiiL niaiiim 9 2 in 9 4 
labl B 2 

sepluin hittis 9 21 in 9 24 11 H in II 4 
stifutsiiaiiim lu'i ihieshnld iii itniciu) 
scMdgL I hi milal inni 1111111.1111111 34 )() 
stuagr litatmrnl 
dnuniJiua icmiival 6 4 36-3 
I iiiivenlinnal piiman sciniiilais 36 i 
disinki 111)11 96 fi in 3b 7 
tflluints 36 2 in 36 4 36-B 
cxtindcd an alum 36 4 
iiidusiiial Kiii^ih cfTitts 36-7 in 36 H 
luhiMMk Irxas 42 1 
muniLipal 36 1 in 36 14 
{sFf al\» niunuipiil scuagc plant) 
niiiihialioii/dcniiiihLaiiiMi 36 1 in 96 3 
null lent irmnval 36 3 
oiganri &ullui mmpnunds ust 22 14 
phnsphnius rrmiival 36 3 


SLwaiip: litalmtni {( mt ) 
phvsual chi mil al priMess 36-3 
plant disihiigi fm irngatimi uv 42 1 
pititi ilmtni 36 4 
s<.Lnndii> luliiln iiinn pinitss 36-4 
siiiiiii ualti sc*gi i gaiinn 36 I In 36-2 
Mri si SciuthwisL Planr ( hiiainj 111 36-4 tn 
36 lU 

scviti svslLm 31 12 iii 31 14 
silii 1 34 H 34 4 

II liv lied B H 

ailsnrptinn nl 17 10 in 17 12 
iiiinii ixiliingi 17 3 
lM)ilirs 34 17 
iibli 34 10 
If 1 liu Ilf r 39 20 
li 1 sb HUM 1 nnii III 6 7 in 6 H 
linii sfihi llln^ pi iMfss 17 ) 17 10 
f ig iiiif itiiiriv il 17 3 If) 17 b 17 10 in 17 II 
pii iipilaiirin 10 lb In ID 17 
iiduilinii pi (MISS lahlf 39 12 
SI diiiii III ilinn lililf B2 
s ilids itninsal 10 Ih in 10 17 
snluhilm 6 7 ID 6 H 
Sinn lm^ 32 I ^ in J2 17 
si IK 32 •) 32 17 
slinu 30 27 43 IH 

slniii InrniiiiK biilnii 22 2 22 1 22 12 22 14 
22 17 

sIuiIki 30 20 

lulimiii/Uinii 23 b ID 23 7 23 4 
I ns iitri sludgt piiN iss 21 4 In 2i II 
iiiuinbiL cliKLSunii 36 12 
bii It 111 23 I In 23 2 
bids 36 I 4 

bull I I If IhiiIi IS sludgi) 
itiiliilu^L til IS 111 ling di s II i 4 4 4 36 1 4 
lit \s Ilf ling pifMiss I n ilLisiUiiiig sludgi 
piiHissing) 

iliKisiinn piiMiss 36 12 
dis}M>sal 36 1 4 

di iinagt 1 iiiiLriili ilDi s 36 12 

ilulriiliiui piiMLSs 36-1 I 

hill 1 pi L SSI s 36 11 

hill iiiiin iiimliiinniiig 9 44 in 9 10 

lliHLulaiion 36 12 

Miiiaiinn piiMtss 36 11 in 36 12 

milling irid iiiiiuials iiidusir> 29 1 

Mnhlman indLx 29 H 

priMluilinn 23 M in 23 10 

pulp and pi|Nf iiidusin 30 20 

mil piLsst s 36 1 4 

Sind drying bids 35 10 

SI ibili/alinii 36 11 

ihiikiiiiis 36 11 

III iinuiii 36 H 

sacuiim hluis 36 12 in 36 14 
s% ill I liialmLiil 35 4 id 35 I ) 
sludgL volumi indi x (SV1) 23 B 
sludgi vfiliimi latin (SV R) 9 24 
slims 24 1 1(1 24 H 29 II 39 17 
idsni pliiiii 17 10 In 17 II 
Rink Mfsa Ntvidi 29 10 
Mniiiana 29 10 
Wvnniiiig 29 10 
sfMia ash iniiuidl Uaihmg 29 4 
Mxlium 

iNidris 34-17 
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sodium (f iml) 
limp sofirnin^ 10 1 lo 10 7 
solubiliiy 111 6 7 

sodium absoipunn laiiri (SAK) 42 5 In 42 7 
sodium laibonait icmvtiv 29 0 
sodium lyilr ixihtiifp 
table 12 14 

zrolitr soltc-nmijr 12 I m 12 ^ 12 in 12 10 
sodium h>dInxidi 34-10 34-lh 
sodium phnsphatLs 34-14 in 54 11 
srulium zLoliif 12 lb 12 Ji 
tahk 12 lb 
ami 42 2 tu 42 
table 42 1 
(icr' aLti imps) 

S4>lnl b«mJ icntnlugi 9 10 lu 9 11 
solid matli i 4 18 in 4 I'l 
solid rLaitanis 3 I'l 
solids 11 inov il 

ail Hiiiatum ilanhi.i 9 I 1 in 9 18 
baskil ii.iiiiiluKi 9 JO 
I hi niital lit uiiiLJit 9 J4 in 9 J i 
cross Hrju sieves 9 fH to 9 *10 
L VC lone srpaiatriis 9 4h in 9 17 
disk i c nti ifuf^aunn 9 28 
dissiilvid ail llolilinii (trt dissolved iii 
floiaiion) 

flolalion thiikeninf^ 9 2^i in 9 28 
gravilv ilarifiiis { n gi tviis ilitifiiis) 
giaviiv ihukilling 9 21 Kt 9 2t 
liidsv imiaJs {\ff lie t\\ iiuralsi 
hindtiid sililirig 9 1 In 9 4 9 0 
mill osti aim fig 9 I in 9 2 9 1 
sidimintaLinii 9 2 in 9 1 
silua 10 lb In ID 17 
siraiiiiis 9 47 
ihiikLiiiiig 9 21 
wound lillt IS 9 48 
soluhiliis 

aluminum 6 12 
ainniiiiiii gis 6-H in 6 HI 
arstniL 6 12 
barium 0-11 

Lakium 4 I I in 4 II 4 16 10 <> 
tables 3 12 
rhiiiiides 6-4 lo 6 ^ 
nippi I liiiiil iliniis 6 14 
gas 14-1 In 14 2 16 2 
inorganic i nmpourids lablc 9 8 
iron 6 11 

magiiLsiiini 4 12 in 4 11 10 9 
mangaiifsc 6 Ki 
nrgaiiii lumpoiinds 4 19 in 4 22 
oxygen 6 21 
table 16 2 

pinduiL 3 II In 3 14 
lablL 3 M 
silica 6 7 In 6 8 
sodium salts 6 7 
strontium 6 12 
zinc 6 J 7 
soluble material 

pnmary consiilui ills 6 2 to 6 8 
sicondary iiinsuiuims 6 2 6 H in 6-12 
uMe 6 2 

lertiaiy Lonsliiutnis 6 2 6 12 lo 6 17 
traie lonstilueiiis cabks 6 8 6 17 6 IN 
tiansieni iimititiunis 6 2 6 17 6 28 


solvi m> 1 1 to 1 4 3 7 
soui walci stripping 31 II in II 14 
labk 14-4 

South l^ke lahcK aclivatiil larlNin siisigi 
pi nil svsttm 17 9 to 17 II) 

Soiithwpsl sulisurlacp mimng 2 11 
spc .111 i lusiiL titaiiiiLril 31 14 
spias ponds 34-24 41 18 
Siabiliiv Index 4-11 4 17 6 1 ID 1 13 2 lo 
13 1 13 8 in 13 7 21 1 30 6 42 8 

(nr rib Kv/iiit Iiiili x) 
si imping opc.iatioiis juLiiriinlisc liiiliislis 
25 9 to 25 10 
sii im 

iliirii III inut II lure 26 i in 2b (i 

iiiilvsis 59 >0 

bjuviu piiN.tssiiih 24 1 

hliisi luiiiJiL 32 8 

hoik IS (Of bnili rs sii un) 

111 I Willis disiilliiiis List 29 h 
nnic ihitnigli gi lit i thus 54-H 
pi nils (fin It 111 s 59 81 
pnwti Luibint 39 10 lo 39 41 
pulp inil pi|Ni indusliv 10 I i 
i|U tills nil isiii t nil 111 59 j 1 
sii tm I If mil pMmci 

lioiliish^ InhIcis sli ini) 

Inssil fill lid ( n lossil liiiliil pi mis) 
gt 111 r moil 34 I 
iiLitltii liiekd 54-1 
polliJlioJi iiiiiliol ttguliliniis J4-29 
piiKJuition 31 2 lo J2 I 
Kiiikiiii ivlIl 34-1 
uiiiiiics 54-1 
washw 111 ! 34-10 
w ill I ust 54 I in 34 9 54 10 
sit 1111 gl III I Jloi s 
W I niilliiMl 54 111 
boili I ill sign 59 24 lo 39 2lj 
fondinsiU fKilisliiiig 54 II 
lontainiii mis 30 li 54-12 
diuifi IniiIi IS 34 7 34-H 
Itidw lie I 34-11 III J4-12 39 17 
nnii lliioiigh riHilirig 54 Ih 54 22 in 54-2) 
fKliolium iihiiiiig 41 II 
wall I iisi 29 2 

sii nil lutbiiii 7 2 54-1 39 11 111 59 H 
stt rl iiidustiv 
tokl pr*! lokt) 

mid lulling mills (wi i old lolling mills) 
ciMilmg waiir us* 52 2 in J2 8 32 12 52 19 
labk 32 2 

loiiosioii rr II lion 20 2 20 8 

Hill gas siiLihluis 14-17 lo 14 19 

hoi mill Hilling op* i iliiiri 32 11 hi 32 12 

priiduriinn 32 8 in 32 9 

slag 52 8 32 17 

iililiiy (Niwii giiuiaiion 32 17 32 19 
water use 52 1 in 32 19 
sUlI pintluilinii 
at id piikliiig 32 17 
Imsu i)X)grn piixcss 32 8 In 52 H 
lilasi luinaii 32 J8 
Luiiiinuous tasting 32 8 32 11 
ikitiic rurnatp piixpis 52 9 32 10 
hear iriaimini 52 18 
ml and water use 32 H In 32 18 
open hiaith pnxtss 52 9 in 32 9 



sin I pniduitinn (( mt ) 
qucnthing 32 15 
sinlcring 52 15 in 32 17 
Halt I u\t 32 1 li» 32 14 
Sun Uavis Indrx 4 14 in 4 15 42 5 
Sifiki s law 9 3 
strirni wairr 40-1 ui 40 2 
sir aim IS i ilili 9 47 
slirinis 

aiiiiiiiirii 1 i^as 6 4 In b 10 
HOI) 5 11 111 5 12 
ihtniiLal indiiainis 5 11 In 5 M 
diHusinii 2 5 

Him I III ( Mini il( s 7 II M 7 14 
III ^11111 iiiiinval 17 I 
w isif H ill I dist li 5 4 III 5 12 
slriss inrrnsinri inrlang 20 4 tn 20 10 
snip iiiiiii Till nil iiinii 36 10 
siiiiiiiiuiii sniuhilily 6 12 
siif;ii iiiiliisiis 28 2 III 28 1 
sull lit s 

|j Ilium 43 15 

I c rliii iifiii )l 22 2 111 22 I 
siiliihiliis Ilf b H 

Sllllllll s 

(Mlinkuiii iihruis piiMtss 31 7 in 31 H 
TLiijnsil I I ndni i limin iliiiii 19 7 in 19 H 
siilliii t vilt 6 22 
sui lati It nsnm 1 2 in 1 i 
Mil 1 III w 111 I 2 1 in 2 5 2 7 

II mini li iiuii 1 43 18 

I Jihnii flinxiili iniiuiil 6 20 

I I mill iliiin pi ml disif^n 0 I I In 8 12 8 Ifi 
|MlinliuiTi prndiiilinn iHiils 43 H 

pH 2 1 

siis|xiiiUil sniids 9 1 43 10 
synihtlii lixlilis 3J 4 in 33 i 


lisiis 111(1 (idiu L null 111 
1 iiIniii hill IS 17 5 in 17 7 
iiillniils 17 2 111 17 \ 
ni^inu i(.iiin\d 17 itn 17 1 
pimdtriid aiiis iitd i iibnii 17 \ In 17 1 17 H 
snuiLis I ihli 17 2 
11 A hf( lurliukiii mm III iIimiiIhi) 
umpc laiuiL 

ii|uilii DiKiiiisms 3 I In 5 2 
hnilIII 5 2 

InmIi r 111 dtr walM 39 12 
ihingfs 2 4 10 I 
UMlll 11 ^ wall I 36 4 
(ininsion riftds 20 M 
liLsh wain lish 5 2 

limilalinns inn ixihaiifp risiii 34 13 in 34 14 
kiuiL&stc Valley iivpi impnuiidiiit ill 2h 
itxiili iiidiisliy 
ail wa^hirs S3 5 In 33 8 
iiMjlinK Inwi IS 35 5 
[ niton (irr mil on) 

(.Hluiiii liialimni 33 8 in 33 9 
nilv wasu» II 13 
law wasitft ubks S3 If) 40 4 
lefrigiiaunn niidb 33 5 
■learn gc nri aiinii 33 H 
synlhctiis 33 4 in 33 5 
waier uses S3 5 in 53 7 
wool 33 3 to 33 4 
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ihfimal 1 racking iifilling prixtu 31 b in 31 8 
38 lb in 36 14 
thtiind iKillutiiin 34-24 

lfi(.lnlal pfupeiUes li(|uid innipounfls labk 1 2 
ihi rmnmcchanical pulping (1 MP) 30 4 in 30 6 
threshold litalmciil fsi iiULslralmn) 3 17 in 3 IH 
38 b 58 20 
luk s 2 3 2 4 

1 MP (ihi iinniiiLLhaiiual pulping) 30 4 In 30 h 

1 Of (sr-f* tnt^l oigaiiii lailMiii) 

lopcki Rinsas watei iharamiisiHs lahli 35 H 

inial lailMiii anily/tt 7 2b In 7 27 

loul diswilviri solids (IDS) 43 4 tn 43 10 

I ill! Ill garni (arlxin (1 Of ) 4 14 in 4 22 23 1 

23 H 23 7 39 44 
InxiL SubslamLS Ad 35 1 
iriLL fknienls iiugalinn walti labk 42 8 
tiact nullIIIlls liiLic 111 IIIiris 23 b 

II iiisniissinn ekdron miLrmcope (IlM) 7 25 
liitkling hliLis 23 11 tn 23 12 25 11 
Irmii) Riser Itxis siwigc pi ml iksi hargi 

6 10 

iuImil ul ilinii 20 II in 20 12 
luihints sli iin luihim) 
luiliidiis 4 18 4 14 5 2 
1 ibk 35 2 

lurhulinl iniilui ibsnrliei f 1 f A) 41 h in 41 7 

41 10 

I f flk ihsniptinn snubbiis siiulibirs wii 
piiliLit sdulilHi'is wdsdublnrs) 


umk I gi ound w itti 
isiilibiliis 2 12 

baiiLiiil idiiin iiid indii wild dlalinnship 
29 2 In 29 f 

piim|img nptriLinns 29 2 
Ksirviiiis 2 10 

L S Dcpjiinieni nl Agiidiltiiii 28 I 
I S ilnnkmg w iiLi simdiids labli 35 2 
1. S f•mlngllll SuivLS 4 1 
I S Piiblii Hi illh SeisKL Standaids 35 2 
I niscisil Pitssuit bdikis 34 H 
uianium mineral kaeliing 29 4 
llllllllLS 

Imikr surliiL iita i ilios 34-11 
Itrdwitti 34-12 

siiam tk dm |Miwti gtiiiiilinn 34 1 
the mid disihaiges 34-1 
wall I [hemis|i> 34 15 in 34-17 
uiilily plants watei usi 34 28 
iiiilily svsii ni 

power plant 39 48 in 39 44 

sli ini giTui ilnis (in sli ini geniriinis) 

wavus geiierauon 40 3 


vacuum hliiaiion 

luxiliaiy equipment 9 17 tn 9 14 
hliris 9 )b to 9 17 
nptiaiinn 9 1b 

ijpt laliimal vanabli s 9 14 lo 9 40 
sludge 3b-12 in 36 13 
syktem evaluatinn 9 40 in 9 42 
viniuii viubbds (wr wri parliik sciubberx 
veniun) 
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visbrcalunff {see thermal cra(kin|() 
vuTMity, 1-4 to 1-5 

visible and ultraviolet hpeilrupliuiiinieity, 7-25 

wasie discharges, chcmiLal analysis, 7-20 
waste oil treaimmi. refineries, 11-10 
Haste oils, rlassihiauon ol, table, 11-7 
H-astr treatment, 38-15. 30-25 l«> 30-30 
biological 40-9 
rannerics, ZB-9 

rhemirals rnniml, 40-9 to 40-10 
t'limmcrcial operations, 37-10 to 37-11 
domcsiii (lap) water, 37-10 to 37-11 
inn exchange, regeneration, 12-25 
municipal and industrial rcMiperation, 36-H 
pilot plani. 23-H to 23-9 
pbnis. 25-10 to 25-12. 30-15 
process mrjdihcation, 40-10 to 40-11 
pulp and paper industry, 30-15, 30-28, 30-30 
solids quantity, 40-11 
surveillance programs, 40-12 
wastewatei flow pniblems, 40 H 
wet scrubbers, 41-15 
wastes, 40-3 lu 40-5 
alcohols content, 26-H 
aldehydes content, 26-8 
ammaiics content, 26-8 
assembly plants, 25-lfi 
cheimtal plants, 26-H 
plating, 25-10 to 25-12 
wasirwaier. 

themical wastes, 34-30, 40-4 
innlaminanis, 40-4, 4O-0 
table. 34-30 
rvapnrauun, 34-1 

How measurement. 7-8 to 7-11, 7-N 
table, 7-8 

IloH rales, ^-6 tcj 7-11 
foundry operation, 25-4 
grimndwater inllucnce, 40-2 
industrial, table, 40-6 

inorganic Lonslilurnls measuiements, 7-30 
machining, 25-6 
nuLlcar-furIcd plants, 34-30 
nuclear power plants, 34-30 
oily water treatment, 11-4 
Orange County. CZalil., 36-8 to 36-9 
organic cimstitucnts mcasurrmeiiis, 7-20 to 
7-21 

petroleum industry, 31-7 to 31-8, 31-10 
pollutants, 40-4 
reclamation, 36-8 to 36-9 
table, 36-9 

samplers and sampling, 7-16 
sour water stripping, 31-13 
sources and contaminants, 34-30 
weir measuiicments, 7-6 to 7-7, 7-13 
wastewater treatment; 
acrabon, table, 16-1 
aeration equipment, 16-4 to 16-5 
roniaminaiits, 40-5 to 40-8 
equipment, 40-9 
municipalities, 36-11 to 56-13 
oil-in-water. 11-4 
organic removal, 17-B to 17-9 
pollutants separation, 31-13 
powdered carbon, 17-8 to 17-9 


waslewatef treatment {(limi.): 

pulp and paper treatment, 30-28, 30-30 
stabilization ponds, 36-3 
water. 

analyses, 21-3, 21-5 

calcium larbtinate cquivaleni. 4-1, 4-5 
ubles, 4-2 to 4-4 
table, 4-2 

IT.S. l^'iilogical Survey, 4-1 
wastes, 4-4 to 4-5 
balance, table, 2-1 
boilei {see ImuIci water) 
charaitcristics, tables, 35-8 In 55-11 
ihemistc)' fcissil-fueled plants, 34-9 In 34-17 
nuclear-fueled planis, 34-18 tn 34-20 
purity, 34-18 
ilarilicatiim, 8-H to B-11 
icmipisitiim, 1-1 

iiMiliiig water systems (icc iiNiling ualei 
systems) 

dislrihution systems ciiriiisiiin loiuinl, 20-18 
to 20-20 
deposits, 21-3 

moniliiiing results, 20-20 In 20-24 
hardness. 37-7 in 37 8 
impuriues, table. 35-4 
ion selrLtivilv, table. 12-5 
moleiule ami iivsial ielaliniishi|i, 1-3 
nrganii wastes, table, 26-H 
pollution toiilrrjl, 26-6 in 26-H 
puiihcaiirin. 15-1 in 15-5 
quality [see water quality) 
soliening, table. 39-9 
supply {ier water suppiv) 
tiraiment {see waiei tieatineni) 
turbidity, 5-2 
u,s<‘ {ire Hater use*) 
water Hooding, 43'b tn 43-9 
well {see well water) 

Haler-in-iiil emulsions, 11-7 in 11-H 
water quality 

automotive industry. 25-1 to 25-16 
chemical npcrations. 26-2 
chlorination. 55-1 
cnntaminaiinn, 55-1 
ciirriMiinn coniiol, 35-.3 
disinlerlanLs. 36-1 

injection waters, petroleum prndiiclnin, 43-9 
munii ipaliites, 35-1 in 55-11 
nuclear power cycles, 34-8 to 34-9 
pulp and paper industry, 30-27 
regulations, 55-2 
standards, 35-2 
Ubie, 30^27 

U.S. Public Health Service Standards, 35-2 
urban use, table. 36-11 
water supply: 

chemical analysis, 7-20 
examination, 7-1 

inorganic constituents measuremems, 7-20 
municipalities, 35-1 to 55-2 
noniolubic Lunsiiiueiilj, table, 6-3 
orBanir constituents measurements, 7-20 to 
7-21 

syslrnu, 7-14 to 7-15, 22-16 to 22-18 
water treatment: 
aerobic organisms, ZS-2 to 23-3 
air condidoning systems, 37-9, 37-10 
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wain trrdimcnt (f mU ) 
dll washers SS R 

andriiibii rir|(diiuiiis 2S 2 in 23 J 
bacund prnbknis 22 I lo 22 2 
tdsr hisinnps 35 h tii 35 7 
rhcmKdl 35 37 1 37 0 in 37 10 

LhliiniiiiK il |ihi iiiiK ust 22 11 
ihlimnc iliDxiflt uw 22 11 
Luniniufi Liimpijuiids iiblt 3 li 
evap^ii ilnrs 18 1 

fjculuiivL nif^diiisnis 23 2 ro 23 ^ 
mdiislnal w isle s 23 2 
millfcling urns 4 11 lo 4 IJ 
inilhiitls 33 4 in 35 8 
iiLUtidliz4liiiii iiisis I ibli 13 2 
ii(jiiiiiriiiKtridl 37 I 111 37 I I 
oigann ^Mibnurs 8 fi in 8 H 
nigdiio siillui (onipnuiifls 22 12 lo 22 M 
nxidiriiig hiiMiibs 22 11 In 22 12 
o/imt 22 11 lo 22 12 
pi IMIS 35 0 In 35 11 
pi IN I SSI s 22 I in 22 2 
sluilgt 35 0 to 35 10 
slikiiif, iqiiipnuni 13 1 
siit>|M nrit fl solids 9 1 
s\stuns 8 I I In 8 12 8 14 In 8 Ih 
w 111 I use 

111 iniitliliniiiiig ssslims 37 4 in 37 7 
iluiii miiiiil IIlull 26 1 III 26 b 
isb sliiiiiiig 34 27 111 14-28 
isscmbls plains 25 1 1 m 25 lb 
mininiilisL mil mitliming 23 1 in 23 lb 
bauxili mdiislis 24 1 In 24-4 
hivti igi mdusiis 28 4 28 b to 28 H 
lilisl luiiiiiL sciublici vs III! 32 4 
ImiiIiis 34-7 

I hi mil il indiisin 26 1 in 26 4 
1 hi mil il St pji iliim pi IN 1 SS 26 4 In 2b t 
Mill bull |Mmi I pi mis 34-2? li 34 28 
inld inllmg mills 32 1 1 in 32 13 
iiiniiiiunus I isiiiig 32 II 
iiNilmg 29 10 34 12 
I iNilmg inwtis 34 24 In 342h 
iniiiisinii I Hens 340 in 34 11 1411 
ilniiiislii Uip) 37 'I in 37 10 
ilicirii liiriHii piiHCss 32 8 32 10 
liidw lit 1 3412 

IinnI piiNtssmg iiiHuslrs 28 1 in 28 2 
toiiviliiiiii t iiiiihim 30 12 in 30 22 
Tiuils and scgiialilis 28 8 In 28 11 
healing svsltms 37 I tn 37 4 
hot null lulling upciiiimi 32 11 in 32 12 
iiuliisiiial iiMilmg 26 I In 26 3 
krall piiHtss 30 7 in 30 0 
lii|unr iiioviry 26 4 
inanulaLiuimg 26-2 26 3 in 26 h 
filming and mini lals induslrs hre nimmg and 
niiiiLials iiulusity) 
nnnindustiial 37 1 in 37 11 
nuiliai luchd plains 3418 in 34 20 
ml Imd pnwti planls 3428 
iiptn hiari piniiss 32 8 in 32 0 
|N.liiirhcniiial indusiiy 26-3 in 26 7 
pincLss appluaunns 26-2 28 1 lo 28 2 
pulp md pjper industiy {\ff pulp and papci 
industry waier usi) 
pulp npcrraiions 30 ^ lo 30 11 
siiubbc.r waui 32 13 to 32 17 


watei use. (C rmi) 

smuniig prmrss 32 13 
slag prixLSsing 32 17 
sluiiiilg 34 17 In 34 28 
sitamcUiini powci pltnis 343 to S4M 
3410 

siiani gi nt laiinn 28 2 
still mdusiiy 32 1 lo 52 10 
sugai iiidustiy 28 2 to 28 4 
summaiy i*ihlp 25 1 j 
ifxiilt industis 33 t in 33 7 
lit ill! V plains 3428 

vsiiis wasli ssali I llnw 1 lit s 7 b lo 7 7 7 13 
SSI 11 vsalLi 

iniKsts 2 11 in 2 14 
tailNiii dioxirii conn lit 6 21 
Minsliiil I nmpnsitinn 2 11 
niinii il iniiltni 2 11 
Uisi siihsuiliic Milii mining 2 II 
wil ihcmital anilysis 7 2h 7 28 
w[i |kiftiili sciuhlNfs 41 7 in 41 1 
spi i> lime I s 41 ^ 
stiiluii 41 11 In 41 11 41 10 
we I rv r Iniii s 41 in 41 11 
(m rdsf alisniplioii sirubhcis sciubticis 

nil bull nl iniitail absoilxr wii si Tiililx*! s) 
wil siiuhbtis s 

luxiliirs iipiipiiitni 41 13 
L ill gniiz moil 41 3 
I h( lineal II i iliiu nl 41 11 In 41 13 
iniinsinn 41 1 
isilnili 41 1'I 

rs i|Mit iiinii I niidtnsation iilatiimship 41 1 
Inuling 41 1 
^is 41 1 in 41 IM 
hiai n insfi i 41 1 41 10 
miss II inslt I 41 1 
»pei ilion 41 1 in 41 3 
putiLul 111 s iLiiinval 41 1 
pulp mil pipe I indiisiTV 
sc iliiig 41 1 

seniini/isiliiiii MimbinaiiJ 
WISH iitainiLiil 41 Fi 
w III I usi 41 11 In 4 1 1 
I rr (i/w ihsnipiinn scrub sciiiIiIhis 

III! hull ni Mintatl dim ii wii |iaiUile 
siiiiblit IS) 

winhI inin|N»ntnis piiHissing 30 2 in 30 4 
lihli 30 2 

wiMil piiHessmg 33 1 lu 33 4 
Wfiflit llialih Of gam/al inn IWHU) 33 2 
iibh 33 1 


\ las dilliaitiuii analysis 59 32 39 34 
idilt 39 34 

\ 1 IS lliiiirisii nil end diHf iitinn 7 21 lo 7 24 


/tnlili 39 20 

sodium /eolili lablt 12 lb 
riiilili snhimiig sodium lyih exchangi 12 1 In 
12 2 12 M lo 12 10 
/rla {Mill nlial B 1 
7tld Kiadii 8 4 
riiii 

miiosioii Liintiol 38 19 in SB 20 
soliibililv ol 6 17 















